
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



3 2044 106 349 509 







HARVARD UNIVERSITY 



LIBRARY 



GRAY HERBARIUM 



Received "S V>l-cX • ^'S, ^ "A 



Digitized bv 



Google 



Digiti 



zed by Google 



Digiti 



zed by Google 



Digiti 



zed by Google 



Digiti 



zed by Google I 



Digiti 



zed by Google 



Digiti 



zed by Google 



CLASS BOOK 



OP 



BOTANY. 



BEING OUTLINES OF 



THE STRUCTURE, PHYSIOLOGY AND CLASSIFICATION 

OP 

PLANTS. 

WITH A FLORA 

OP ALL PARTS OP 

THE UIS^ITED STATES 

AND 

C :A IN^ A. D ^. 

BY ALPHONSO WOOD, A.M. 



He Bpftke of trees, from the Cedar of Lebanon even nnto the Hyssop that springeth out 
of the wall.— 1 Kings, Iv. 83. 

Consider the lillies of the field— even Solomon, in all his glory was not arrayed like ono 
of them.— Mattqbw, vi. 28, 29. 



NEW TOEK: 
PUBLISHED BY A. S. BARNES & BURR. 

tbot: uoobb a nims. oinoiknati : ricket, malloby a go. nbw Orleans : 
h. d. m'oinmis* mobile : randall a williams. 



1860. 



Digitized by 



Google 



?CSlct.V^\^. 



Entered, according to Act of Congress, in the year I860, by 

A. S. BARNES & BURR. 

In the acrk's Office of the District Ck)urt for the Southern District of New York. 



BLVOTVOTTPn) BT PSI1VTSD BT 

SMITH tt McDOUQAI., GEORGE W. WOOD, 

82 & 84 Beekman-st, N. T. oor. Dutch Sc John St, N. T. 



Digiti 



zed by Google 



WOOD'S 

CLASS BOOK 



OF 



BOTANY. 

I>^RT I., II., & III 



^ «t ♦ >. » 



PUBLISHERS' NOTE. 

In consequence of the urgent request of many Teachers, the Pub- 
lishers have concluded to print — in advance of the completion of 
Professor Wood's Entire Work — ^the first three parts, which will 
be followed by the remaining portions as speedily as possible. 
Teachers introducing this part of the work, shall be furnished with 
the remainder in a bound Volume at a price bearing the same pro- 
portion, to the value of the whole Book when completed. 
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PREFACE. 



The Cldss-Book of Botany was first offered to the student in 1845. 
It was originally prepared with immediate reference to the wants of ' 
the author's own pupils, with scarcely a hope of approval from the 
community beyond. The event, however, proved that the wants of his 
own pupils were precisely the same as those of myriads of others ; and 
the use of the book, notwithstanding its numerous imperfections, soon 
became general. 

The lapse of fifteen years has done much to develop not only the 
knowledge of our native Flora, but of the science of Botany in general; 
and materials for the revision of our whole work have indefinitely 
accumulated. In this revision, which seems to be demanded not less 
by the growing appreciation of scientific studies as a means of intel- 
lectual and moral discipline, than by the progress of the science itself 
we have still confined ourselves to the limits of a single volume^ and 
sternly resolved against any essential enlargement, except such as the 
increased territory of our Flora requires. This we have done with 
direct reference to the convenience and the means of the thousands of 
youths who will still enter upon this delightful pursuit, and make their 
text-book their vade-mecum. The labor expended in this condensatioi^ 
will be appreciated by few, and those few, while they justify the mo- 
tives, will regret the necessity. 

The limit of our Flora in this new series has been much extended. 
It now embraces the territory lying East of the Mississippi River with 
the Qxception of the Southern Peninsula of Florida, and South of the 
Great Lakes and the River St. Lawrence. The States bordering upon 
the western shores of the Mississippi, although not strictly included, 
are essentially so, as well as those provinces of Canada upon the north- 
ern shore of the St. Lawrence. This Class-Book is, therefore, now 
professedly adapted to the student's use from Quebec to New Orleans 
and from St. Pauls to St. Augustine. 

The southern peninsula of Florida is neglected in consequence of 
the author's inability to visit that region hitherto. During his extended 
tour southward in 1857, the Seminole war rendered the route to the 
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IV PREFACE. 

Everglades unsafe, or at least undesirable. The species omitted are 
generally unknown northward of Key West. Students at Mecanopy, 
Ocala, to St. Augustine, will scarcely miss them ; but should they do 
so, they will confer a grateful favor by contributing specimens of such 
to the author. 

That every species of native plant in this extensive region is accu- 
rately defined, or even noticed, we cannot presume ; yet this has been 
our aim ; and as in the former series, so here, we have distrusted every 
source of information except that of our own personal inspection. 
Therefore, into nearly every section of this territory, from the St 
Lawrence and the Lakes to the Gulf, and from the Sea-Coast to the 
Groat River, the author has made repeated excursions in delighted con- 
verse with the vegetable world. 

Together with the plants of spontaneous growth which constitute 
our proper Flora, we have included in our sketches also our exotic 
Flora ; that is, all those plants which seem to us to have attained a 
general cultivation in this country, either as useful, curious, or orna- 
mental. By this accession, learners in the city, as well as in the coun- 
try, may be supplied with subjects for illustration and for practice in 
botanical analysis j and all with the means of acquainting themselves 
with the beautiful tenants of their own fields, gardens, and conserva- 
tories. 

From the multiplication of species and genera we have studiously 
refrained, believing that our books already contain more than Nature 
will warrant. In the case of any doubtful specimen, which might have 
served as the basis of a new species, or possibly genus, (had this been , 
our aim), we have always inclined rather to the extension of the limits 
of some kindred group for its reception, having less apprehension of 
error in this direction than in the opposite, with all due regard for the 
permanence of true species. The same principle has compelled us to 
disallow the claims of many reputed species of the best authors. 

In the sequence of the Natural Orders, we have, in common with all 
recent American authors, mainly adopted the arrangement of De Can- 
dolle, — an arrangement seen, in part, in the * Flora of the State of New 
York,' by Dr. Torrey. It commences with those Orders supposed to 
be of the higher rank in organization, and proceeds gradually to the 
lower, regarding the completeness of the flower and the distinctness of 
its parts as the general criterion of rank. 

Tables of analysis by the dichotomal method were first in the Class- 
Book applied to the genera of plants, and introduced into general use. 
They are now regarded as indispensable, and have been adopted into 
their Floras by nearly every subsequent author. In the present new 
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series, we have greatly modified, extended, and improved this system, 
adapting it to the analysis of Species as well as of Orders and Genera. 
By means of this addition, our Flora is now adapted to class exercises 
in analysis throughout, from the Grand division to the Species — an im- 
improvement which will be duly appreciated by the practical teacher. 

An analytical Key to the Orders, mainly artificial, more simple than 
any hitherto constructed by us, founded, as in the previous edition, 
almost solely upon characters taken from the flowers and leaves (not 
fruit), will readily conduct the student to that Order where any given 
flowering specimen may belong. Next, under the Order, a table of the 
utmost simplicity, analyzes the Genera, mostly in such a way as to do 
but little violence to their natural affinities. Lastly, under the Genus 
(when large enough to require it) another table conducts to the species 
in groups of twos or threes, which groups are instantly resolved by a 
brief diagnosis in italics catching the eye in some part of the descrip- 
tion which follows. 

The limited space allowed us in the Flora compels us to use very 
sparingly illustrative engravings in this part of our work, which occa- 
sions us less regret considering the copiousness of illustration in the 
scientific treatise in the former part. Tho;*e engravings are designed 
partly with reference to the Flora, where frequent references will be 
found. The few which we have adopted in the Flora, are prepared 
with reference to the deficiencies of the former part. In other words 
those which have no illustrative figure in the former treatise are gen- 
erally furnished with one or more in the Flora. Throughout the work, 
these are mostly from original sketches and drawings on wood by the 
author's own hand. Others are copied from Lindley, Henfrey, Peyer, &c. 

In addition to those colaborers in Botany, whose invaluable aid is 
acknowledged in former editions, namely Dr. Edward R Phelps, Dr. 
James W. Bobbins, Dr. Joseph Barratt, Dr. Albert G. Skinner, Mr. I. 
A. Lapham, Dr. Tmman Ricard, Dr. H. P. Sartwell, Br. John Plum- 
mer, Dr. S. B. Mead, Mr. S. S. Olney, <kc., we have now to mention 
with grateful acknowledgments other names of equal merit. 

Dr. Josiah Hale of Alexandria, La., has sent us a suit of specimens, 
well nigh representing the entire Flora of that State. 

Dr. A. W. Chapman of Apalachicola, Fla., presented us with many 
of the more rare plants of Florida, on the occasioh of our recent visit 
to his own familiar walks. 

Dr. H, A. Mettauer of Macon, Ga., has made contributions of great 
value from that district, and from the vicinity of Tallahasse and St. 
Marks, Fla., with many critical notices and observations on the Flora of 
those States. 
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Prof. William T. Feay, M.D., and Prof. Thomas G. Pond, both of 
Savannah, Ga., have sent almost the entire Flora of that State, with 
copious original notes and observations, such as result only from the 
most extensive and accurate investigation. 

Miss Sarah Keen of Bainbridge, Ga. (now of Mariana, Fla.), has also 
sent an herbarium of beautiful specimens prepared by her own and her 
sister's hands. To her, as well as to the gentlemen last mentioned, the 
author is also indebted for every kind hospitality and encouragement 
during a protracted herborizing tour along our southern coasts. 

Mr. William Wright of Bainbridge, and Prof. N. H. Stuart of Quincy, 
Florida (since deceased), also contributed to the consummation of our 
work by many facilities afforded us in our laborious researches in their 
respective precincts, and by the shelter of their hospitable mansions. 

To Rev. Dr. Curtis of Hillsborough, N. C, and to Rev. Dr. Bach- 
man of Charleston, S. C, we are indebted for the free use of their very 
complete herbaria, during our sojourn in their respective cities ; and 
Mr. S. B. Buckley, recently of Yellow Springs, Ohio, has afforded us 
similar facilities through his rich collection. 

Dr. Cousens generously supplied us with the plants of the State of 
Iowa. His name often appears in our pages. 

Dr. George Engelmann, of St. Louis, has also favored us with the 
free use of his admirable monograph of the genus Cuscuta, and with 
many important notes in MS. on other difficult genera in our Flora, 
especially on the Euphorbiaceae. Our entire collection of specimens 
belonging to this Order was, by his kind permission, submitted to his 
inspection and determination. 

The Rev. Chester Dewey, D.D., of Rochester, N. Y., the venerable 
pioneer in American Caricography, has placed us and our readers un- 
der renewed obligations by additional contributions to the genus Ca- 
rex, rendering it complete for the extended territory of our present 
Flora. 

Communications containing specimens, critical notices or corrections, 
or soliciting information, will always, as heretofore, be acceptable. 

Tbeeb Haute Female College (Indiana), May, 1860. 
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INTRODUCTION. 



CHAPTER I. 

LEADING PRINCIPLES OF SCIENCE : MENTAL AND MO HAL DISCIPLINE 

ITS AIM AND END. 

1. Plants as related to Man. The vegetable kingdom maintains towards 
man several important relations. Besides its obvious utility as the source of his 
food, shelter, clothing and medicine, it furnishes an exhaustless field for interesting 
and disciplinary study. 

2. Proop that Nature is related to Mind. This remark is commonplace. 
But the fact stated is neither a necessity nor acddent Since the plienomena of 
Nature are ordained subject to the cognizance of the human understanding while 
yet their depths are unfathomable by it, it is evident that God made them for each 
other. It is certainly conceivable that Ho might have ordained otherwise. 

3. Illustration. The phenomena of vegetation, or of nature in general, might 
have been all simple and uniform, thus awakening no curiosity, presentmg no 
motive for study. Or on the other hand, they might have involved plans so intri- 
cate as to defy all efforts of the mind in their investigation. In this case, as in the 
former, the mind and nature would have remained for ever estranged. 

4. The study of Nature successful. But an intermediate course hath 
seemed good to an All-wise and Beneficent Creator. The works cf His Hand are 
commensurate with the powers of the understandmg. We study them not in vam. 
Step by step His plans are unfolded ; and research, although never reaching the 
goal, yet never wearies, nor fiiils of its appropriate reward. 

5. — ^Pleasurable. Hence the study of nature, through this beautifully adjusted 
relation, becomes a source of the purest pleasure, being ever accompanied by fresh 
discoveries of truth in the plans and operations of a sublime Intelligence. 

6. — ^Disciplinary. But a higher purpose than present pleasure is acci^mplished 
by this means, namely, discipline. Enterinflr life as a mere germ, the soul expands 
into intelligence and virtue through the teachings of surrounding objects and uiflu- 
ences. In this good work the beauty, purity and wisdom displayed in the vegeta- 
ble world bear a full share. These invite to investigation ; and their tendency is to 
impress upon their votaries the characteristics of their own sincerity and loveliness. 

7. Creative Wisdom never works in vain, nor merely in sport Even the 
flying cloud which now passes over the sun has its mission; the forms which it 
assumes, and the colors, were each necessary and divinely appointed for that special 
purposa The hills and valleys, which seem scattered in accidental confusion, have 
received each their contour and position by design, according to the ends foreseen. 
Consequently, each stone or mineral composing these hills was also the work of 
special design, as to its magnitude, form and place. 
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8. No ACCIDENT OR CAPRICE IN NATURE. Much more in the living kingdoms 
of nature may we look for an adequate purpose and end accomplished by every 
movement and in every creature of the Divine hand. Each species is created and 
sustained to answer some worthy end in the vast plan ; and hence no individual, 
animal or plant is to be regarded in science as insignificant, inasmuch as the indi- 
vidual constitutes the species. Nor is accident or caprice to be found in the form of 
the leaf or the color of the flower. There is for each a special reason or adaptation 
worthy of unerring wisdom. 

9. Object op natural Science. In the study of nature we are therefore 
concerned in reasons and ends as well as in forms and appearances. That investi- 
gation which ceases contented with the latter only is peurile. It may amuse, but 
can scarcely instruct, and can never conduct to that purest source of the student's 
enjoyment^ namely, the recognition of Intelligence by intelligence. 

10. Design, a settled principle in Science. The end or purpose, it is 
true, is not always as easily discerned as the form and fashion are. In a thousand in- 
stances the end is yet inscrutable. Nevertheless it is now a settled principle of 
science that there is an end — ^a purpose — ^a reason, for every form which we contem- 
plate ; and the adaptation to that end is as beautiful as the form itself. That the 
tendril of the vine and the runner of the strawberry were happily adapted to a 
special purpose is readily admitted ; for that purpose is immediate and obvious to 
all. Let us not then say that the spine, the stipule, or the varying tints of the rose, 
were made merely m caprice, their uses being less obvious in the present state of 
our knowledge. 

11. Design, as distinguished from "Typical Forms." In addition to this 
sequence of cause and effect in nature, disclosing the Infinite Designer in all 
things, as early taught by Paley in his " Natural Theology," another class of prm- 
ciples more recently developed are shown by the author of "Typical Forms" 
(McCosh), to indicate with a still clearer light the thoughts of the Omniscient Mind • 
in the operations of nature. A single observation ofi:en suffices for the discovery of 
design^ as in the down of the thistle, by means of which the seed is wafted on the 
wmds to flourish in distant lands. But a typical fonn ov plan requires a long series 
of observations for its discernment. 

12. Typical Forms illustrated. The scientific world were slow to learn 
that the numerous organs of plants so diversified in form and use are all modeled 
from a single type, one radical form, and that form, the Uaf! 

13. Results This interesting doctrine^ now universally admitted, sheds a new 
-light upon nature, making it all luminous with the Divine Presence. It brings the 
operations of the Great Architect almost within the grasp of human intelligence, 
revealing^ the conceptions which occupied His mind before they were embodied in 
actual existence by His word. 

14. Graduated Forms. Again, by continued observation, the principle of 
graduated forms, allied to the last, appeared as another grand characteristic of na- 
ture. This principle implies that while natural objects vary to wide and seemingly 
irreconcilable extremes, their differences are never abrupt, but they pass by insen- 
sible gradations and shades from species to species in a continuous series. 

15. Illustration. Thus in magniittde, although the tiny moss is far removed 
fi'om the gigantic oak, yet a series connects them representing every imaginable in- 
termediate grade in size. So in nunibei', from the one-stamened saltwort to the 
liundred-staraened rose, there is a connecting series, representing every intervening 
number. Moreover, in form and figure, we pass from the thread-leafed pine to the 
broad-leafed poplar through a series of every intermediate degree of leaf-expansion; 
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and from the regular-flowered crowfoot to the distorted monks-hood by a series 
graduated in like manner. 

16. Natuea non saltus pacit, said Linnaeus, in evident allusion to this beau- 
tiful principle, which will constitute one of the most interesting themes of botanical 
•tudy. 

17. Accomodated Forms or organs is a phrase applied to another principle 
in the Divine plan, the reverse of the first This principle appears in the adaptation 
of different organs in different species to one common use ; of which there are many 
familiar 

18. Examples. Thus, the slender vme requires support. Xow it throws out a 
tendril for this very purpose, grasping whatever object it may reach, as in the grape. 
Again, the prolonged leaf-stalk answers the same end, as in Clematis. Again, the 
supple stem itself by its own coils supports itself^ as in the hop ; and, lastly, ad- 
ventitious rootlets in the ivy. 

19. Another illustration. Reproduction is the general office of the seed ; 
but tliis end is also accomplished, in different species, by nearly every other organ, 
by buds, bulblets, bulbs, tubers, cuttings, scions, and even leaves. 

' 20. Another. This principle is also traced in the nutritious deposits of plants, 
which are generally made in the fruit ; but often the root serves as the reservoir in- 
stead, or even tlie stem. And in case of the fruit, the rich deposit is now found in 
the pericarp of the poach, the calyx of the apple, the receptacle of the strawberry, 
the cotyledons of the almond, the bracts, flower-stalks, &c., of the pine-app]o. Thus 
God's boundless resources of skill can accomplish either one purpose in a thousand 
difierent ways, or a thousand different purposes by a single organ. 

21. Arkested Forms. This principle, demanding a wider range of generaliza- 
tion than either of the foregoing, we state rather as a hypothesis, that the student 
may hereafter test its probability by his own observations. The flowering plants 
which clothe the earth in such numbers, constituting the apparent vegetable world, 
are in truth but a minor part of it in respect to numbers. Numerous tribes, of lower 
rank, embracing thousands of species, reach far down the scale, beyond the utmost 
limits of the microscope. Now a principle of analogy seems to pervade these ranks, 
called the principle of arrested forms, binding all together in one consistent whole, 
proving that for the vast realm of vegetation there was but one plan and one origm. 

22. The Hypothesis stated. The successive tribes of vegetation, beginning 
with the lowest, have each their typo or analogue in the successive stages of em- 
bryonic growth in the highest tribe. 

23. More explicitly : the flowering plant, in the course of its growth from 
the pollen grain to the completed embryo, passes necessarily through a series of 
transient forms. Now, suppose the development of the plant arrested q.% each of 
those stages, so that these transient forms become permanent, we should have a 
sorios of organisms analogous to the various tribes of Flowerless Plants ; the Pro- 
tococcus, e. gr., an arrested pollen grain ; the Oscillaria, an arrested pollen tube ; and 
so on up to the Marsillea, whose organization answers to that of the full-formed 
embryo of the flowering plant Thus we might truly say of the lower plants that 
they are the arrested forrns of the higher. 

24. Individuality op the Plant. The plant is both material and immaterial. 
Its form and substance is the material, its life the immaterial The material com- 
mences existence as a single cell, and is ever changing. The immaterial gives to 
that cell its uidividuality, and fixes inevitably its law of development, so that it 
must grow up to become such a plant as it is, and by no possibility any other. 

25. Illustration. The embryonic cell of a rose may not differ materially, in the 
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least, from that of the grape : but the individuality of each is widely different This 
principle in the one will make it a rose ; in the other, a grape. Individuality can 
not be predicated of a stone. 

26. Life and death are equally predicated op the plant. The latter fol- 
lows close upon the former, with unequal, inevitable step, and soon disputes posses- 
sion ia the same living fabric. The plant both lives and dies at once. Life passes 
on from cell to cell, and in the parts which it has abandoned dissolution and decay 
are soon manifest. Thus the whole existence of the individual is a contest Life 
advances, death pursues, and ultimately triumphs. But not so in the species. Se- 
curely transferred to the seed, the living immaterial plant mocks the destroyer, and 
begins its career anew, multiplied a hundred fold. 

27. Tub seed op the plant is its redemption. Through this appointment, 
the conquest of death is apparent, while the triumph of life is real. In the " grain 
of mustard" there is literally a^ faith — an energy which will raise it from the dust, " a 
tree." Yet, as in the wheat and all other seed, " it shall not be quickened except it 
die." Hence, 

28. Plants may teach us lessons in sacred THiNca "While we study the 
facts and the forms of the vegetable world, we should also aim to learn the purposes' 
accomplished, and the great principles adopted in its creation. We should also learn 
to recognize here the tokens (too long overlooked) which declare that nature sym- 
pathizes with humanity in the circumstances of the Fall, the Redemption, and the 
Life. Such study alone is adapted to acquaint us with the thoughts of the intelli- 
gent Creator, and lo discipline aright the mind which was created in His image. 

29. Botany combines pleasure with improvement. It conducts the student 
into the fields and forests amidst the verdure of spring and the bloom of summer ; 
to the charming retreats of Nature in her wild luxuriance, or where she patiently 
smiles under the improving hand of cultivation. It furnishes him with vigorous 
exercise, both of body and mind, which is no less salutary than agreeable, and its' 
subjects of investigation are all such as are adapted to please the eye, refine the 
taste, and improve the heart 



CHAPTER II. 

THE DEPARTMENTS OF THE STUDY. 

30. Three great departments in nature are universally re- 
cognized, commonly called the mineral, vegetable, and animal king- 
doms. The first constitutes the Inorgank^ the other two the Organic 
World, 

31. A mineral is an inorganic mass of matter, that is, without dis- 
tinction of parts or organs. A stone^ for example, may be broken into 
any number of fragments, each of which will retain all the essential 
characteristics of the original body, so that each fragment will still be a 
stone. 

32. A PLANT is an organized body, endowed with vitality but not 
with sensation, composed of distinct parts, each of which is essential to 
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the completeness of its being. A tulip is composed of organs which 
may be separated and subdivided indefinitely, but no one of the frag- 
ments alone will be a complete plant. 

33. Animals, like plants, are organized bodies endowed with vitality, 
and composed of distinct parts, no one of which is complete in itself, but 
they are elevated above either plants or minerals by their power of per- 
ception. 

34. These distinctions, long since suggested by Linnaeus, the founder of botani- 
cal science, are perfectly obvious and definite in the higher grades of the animal and 
vegetable kingdoms. But in descending the scale, we recognize a gradual approach, 
in both, to inorganic matter, and consequently to each other, so that in the lowest 
forms of life all traces of organization are lost to our perception, and the three 
kingdoms of nature, like 
converging radii, apparent- 
ly meet and blend in a com- 
mon centre. 

35. The POSITION OP THE 
PLANT- WOELD IN RANK and 

ofl&ce is intermediate. While 
inferior to the animal in re- 
spect to perception and in- 
stinct, it is superior to the 
mineral in its vitality. In 
ofl&ce it constitutes the food 
and nourishment of the ani- 
mal, the vesture and orna- 
ment of the mineral world, 
whence alone itself is fed. 
In other words, plants feed 
on minerals, animals feed 

on plants. . ^ ^v 

FiGUBB 1. A diagram Illustrating these views of the tnree 

36. Physics is the kingdoms of nature— how related to each other. 

general name of the science which treats of the mineral or inorganic 
world. 

37. Zoology relates to the animal kingdom. 

38. Botany is the science of the vegetable kingdom. It includes 
the knowledge of the forms, organs, structure, growth, and uses of 
plants, together with their history and classification. Its several de- 
partments correspond to the various subjects to which they relate. Thus 

39. Structural botany, or Organography, treats of the special or- 
gans of plants as compared with each other, answering to Comparative 
Anatomy in the science of Zoology. Morphology is a term often used 
in a similar sense ; but it especially relates to the mutual or typical 
transformations which the organs undergo in the course of development. 

40. Elementary botany treats of the elementary tissues — the or- 
ganic elements out of which the vegetable fabric is constructed. 
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14 INTRODUCTION. 

41. Physiological botany is that department which relates to the 
vital action of the several organs and tissues, including both the vital 
and chemical phenomena in the gennination, growth, and reproduction 
of plants. It has, therefore, a direct and practical bearing upon the 
labors of husbandry in the propagation and culture of plants, both in 
the garden and in the field. 

42. Systematic botany arises from the consideration of plants in 
relation to each other. It aims to arrange and classify plants into groups 
and families, according to their mutual affinities and relative rank, so as 
to constitute of them all one unbroken series or system. 

43. Descriptive botany, or phytology, is the art of expressing 
the distinctive characters of species and groups of plants with accuracy 
and precision, in order to their complete recognition. A flora is a 
descriptive worls; of this kind, embracing the plants of some particular 
country or district. 

44. Botanical Nomenclature, which is the art of properly apply- 
ing names to the species and groups, is intimately associated with the 
above department. Terminology relates to the explanation and appli- 
cation of botanical terms whereby the organs of plants, with their nu- 
merous modifications, are accurately designated. This is, therefore, 
inseparable from Structural Botany. 

45. Ultimate aim op botany. Finally, in its extended sense, Botany 'com- 
prehends also the knowledge of the relations of plants to the other departments of 
natm-e, particularly to mankind. The ultimate aim of its researches is the develop- 
ment of the boundless resources of the vegetable kingdom for our sustenance and 
protection as well as education ; for the healing of our diseases and the alleviaiion 
of our wants and woes. This branch of botanical science is called 

46. Applied botany. It includes also several departments, as Medical Botany^ 
or Pharmacy^ AgricvUural Botany ^ or Chemistry, Pomology, &c 

4*7. Plan of the work. In the following pages, designed as a 
complete although compendious treatise for the special convenience of 
the learner, we shall commence with Structural Botany, whose subjects 
(the constituent organs of plants) are conspicuous and most readily com- 
prehended. 

48. Secondly, the cell and the elementary tissues will claim our at- 
tention. Thirdly, we shall inquire into the vital activities of all these 
organs, and endeavor to explain the phenomena of vegetable life. 
Fourthly, the principles of vegetable nutrition which constitute the 
foundation of agricultural science. 

49. In the fifth place we shall treat of Systematic Botany, the 
principles of arrangement adopted in the Natural System, and the 
methods of Botanical Analysis. 

60. Lastly, the Natural Orders will be defined, and illustrated by 
our flora, both native and cultivated. 
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51. NOTWiTHSTANDiNa the extreme brevity of this work, the author believes 
that DO principle of the science essential to a Uberal course in Botany is omitted. 
The brevity is attained by a studied conciseness of expression, and by the omission 
of all needless illustrations, theoretical views and wordy discussions. In the flora 
those multitudinous repetitions which are liable to encumber the descriptions of 
allied groups are avoided, without the sacrifice of minuteness by means of copious 
tables of analysis. 



CHAPTER III. 

APPARATUS — METHODS OF STUDY. 

52. The proper season for the commencement op the study of Botany in 
schools is in late wmter, at the opening of the first session or term after New-Years. 
The class will thus be prepared before hand by a degree of acquaintance with first 
principles, for the analjrsis of the earliest spring flowers — the sweet Epigaea, Anemone, 
Erigenia or spring beauty, of the North, the yellow jessamine, Chaptalia, or Cryso- 
gonum of the South, the blood-root and violet every where. 

53. Specimens of leaves, stems, roots, fruit, flowers, Aa, in unlimited supply are re- 
quisite during the whole course. In the absence of the living, let the dried specimens 
of the herbarium be consulted. Crayon sketches upon the black-board, if truthful, 
are always good for displaying minute or obscure forms. In the city, classes in 
Botany may employ, at small expense, a collector to supply them daily with firesh 
specimens from the country. Moreover, the gardens and conservatories will furnish 
to such an abundant supply of cultivated species for study and analysis, with almost 
equal advantage ; since the present work embraces, together with the native flora, 
all exotics which are in any degree common in cultivation. 

54. An HERBARniM (h. s., horttis siccus^ dry garden), is a collection of botanic 
specimens, artificially dried, protected in papers and systematically arranged. Her- 
haria are useful in many ways ; (a.) for preserving the knowledge of rare, or inacces- 
sible, or lost species ; (&.) for exchanges, enabling one to possess the flora of other 
countries; (c.) for refreshmg one's memory of early scenes and studies; (d) for aid- 
ing in more exact researches at leisure ; (e.) for the comparison of species with 
species, genus with genus, &c. 

55. For collecting botanic specimens, a strong knife for digging and cutting is 
needed, and a close tin box eighteen inches in length, of a portable form. Enclosed 
in such a box, with a little moisture, specimens will remain fresh for a week. 

56. Specimens for the herbarium should represent the leaves, flowers and 
firuit^ and, if herbaceous, the root also. Much care is requisite in so drying them as 
to preserve the natural appearance, form and color. The true secret of this art con- 
sists in extracting the moisture fix)m them by pressure in an abundance of dry, 
bibulous paper, before decomposition can take place. 

57. The drying press, to be most efficient and convenient, should consist of a 
dozen quires of ordinary blotting paper, at least 11x14 inches, two sheets of wire 
gauze, (same size) as covers, stiffened by folded edges, and three or four leather 
straps a yard in length, with buckles. When in use suspend it in the wind and sun- 
shine. In such a press, the specimens dry well in fmr weather without once 
changing. If boards be used for covers instead of wire-gauze, the papers must be 
changed and dried daily. 
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58. Succulent plants maj be immersed in boiling water before pressing, to 
hasten their desiccation. 

69. The lens, either single, double, or triple, is almost indispensable in the or- 
dinary pursuits of Morphology or Phy tography. In viewing minute flowers or parts 
of flowers the use of the lens can not be too highly appreciated. For dissection 
with the lens, a needle inserted in a handle, a penknife and tweezers are required. 
The dried flowers of the herbarium need to be thrown into boiling water before 
dissection. 

60. The compound microscope is undoubtedly a higher aid in scientific inves- 
tigation than any other instrument of human inventioa It is like the bestowment 
of a new sense, or the opening of a now world. Through this, almost solely, all 
our knowledge of the cells, the tissues, growth, fertilization, &a, is derived. The 
skillful use of this noble instrument is itself an art which it is no part of our plan 
to explain. For such information tlie student is referred to the works of Carpenter 
and Quekett 

61. On the preparation op botanical subjects for examination we remark 
briefly. The field of view is necessarily small, and only minute portions of objects 
can be seen at once. The parts of it are to be brought under inspection success- 
ively by the movements of the stage. 

62. The tissues op leaves, &c., are best seen by transmitted light. They are 
to be divided by the razor or scalpel into extremely thin parings or cuttings. Such 
cuttings may be made by holding the leaf between the two halves of a split cork. 
They are then made wot and viewed upon glass. The stomata are best seen in the 
epidermis stripped off; but in the sorrel leaf (Oxalis Violaoea) they appear beauti- 
fully distinct (§678, Fig. 585,) upon the entire leaf. 

63. "Woody tissues, Aa, may be viewed either as opaque or transparent. Sec- 
tions and cuttings slK>uld bo made in all directions, and attached to the glass by 
water, white of egg, Canada balsam. To obtain the elementary cells separately 
for inspection, the fi^gment of wood may be macerated in a few drops of nitric acid 
added to a grain of chlorate of potassa. Softer structures may be macerated sim- 
ply in boiling water. 

64. Certain reagents are applied to the softer and more recent tissues to ef- 
fect such changes in the cell contents, of either color or form, as shall render them 
visible. Thus sulphuric acid coagulates the primordial utricle (§ 639) ; a solution, 
of iodine turns it blue j sugar and nitric acid change it to red. 
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PART FIRST. 

STRUCTURAL BOTANY; OR, ORGANOGRAPHY. 



CHAPTER I. 

PRIMARY DIVISIONS OF THE VEGETABLE KINGDOM. 
65. Two NATURAL GrAND DIVISIONS OF THK VEGETABLE KiNGDOM 

have long been recognized by botanists, viz., the Phainogamia or 
Flowering Plants ; the Ciyptogaraia, or Flowerless Plants. Besides the 
obvious distinction made by the presence and absence of the flower, 




, Rose (flowers double)— an Exogen. 8, Lily— an Endogen. 4. Ft rn— an acrogenous 
Cryptogam. 5, Lichen— a thallogenous Cryptogam, 
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18 PRIMARY DIVISIONS OP THE VEGETABLE KINGDOM. 

66. These Grand Divisions are further distinguished by their 
organic structure and general aspects. In the Phaenogamia we find a 
system of compound organs, such as root, stem, leaf, bud, flower, suc- 
cessively developed on a determinate plan ; while in the Cryptogamia, 
a gradual departure from this plan commences, and they become, at 
length, in their lowest forms, simple expansions of a uniform tissue, 
without symmetry or proportion. This distinction is rendered perfectly 
clear by a reference to 

67. Examples. Compare a rose with a fern. In the former a regular axis 
bears buds which are unfolded, some into leaves, others into flowers succeeded by 
fruit. In the fem no buds nor flowers appear, and the fruit dots sprinkle over the 
back of the leaf. Again, contrast the violet with a lichen^ where neither stem, root, 
nor leaf appears, much less flowers, but disc-like expansions with fruit-dust (spores) 
produced indifferently in any part of them. 

68. Subdivisions of the Phaenogamia. This grand division is 
itself very naturally resolved into two subdivisions, named by De Candolle 
Exogens and Endogens. 

69. Exogenous plants or Exogens (outside-growers), including all 
the trees (except palms) and most herbaceous plants of temperate regions, 
are so named, because the additions to the diameter of the stem are 
made externally to the wood already formed. 

YO. Endogenous plants or Endogens (inside-growers), including the 
grasses and most bulbous plants of temperate climates, and the palms, 
canes, etc., south, are so named from the accretions of the stem taking 
place within the parts already formed. 

1\, These subdivisions are more accurately distinguished by the 
structure of the seed. The seeds of the Exogens consists of two equal 
seed-lobes, called cotyledons, as seen in the pea. The seed of the Endo- 
gens consists of but one seed-lobe or cotyledon, as in the Indian Corn. 
On this account Exogens were first called Dicotyledonous (two-cotyle- 
doned) plants, and Endogens, Monocotyledonous (one-cotyledoned) 
plants ; — names quite appropriate, but too hard and long for general use. 

12. They are also very readily distinguished by their leaves, 
which are net-veined in the Exogens, and parallel-veined in the Endogens. 
Moreover, their flowers are remarkably different, being almost always 
three-parted in the latter and about five-parted in the former. But all 
these distinctions, with some others,will be more definitely stated hereafter. 

73. The Name op a plant or other natural object is twofold, — ^the trivial or 
popujar name, by which it is generally known in the country ; and the Latin name, 
by which it is accurately designated in science throughout the world. For example, 
strawberry is the popular name, and Fragaria vesca the Latin or scientific name of 
the same plant. 

74. Li elementary treatises, like the present, for the sake of being readily under- 
stood, plants are usually called by their popular names. Yet we earnestly recom- 
mend to the learner to accustom himself early to the use of the more accurate names 
employed in science. 
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75. The Latin name is always double; — generic and specific. Thus 
Fragaria is generic, or the name of the genus of the plant, vesca is 
specific, or the name of the species, 

1Q, A Species embraces all such individuals as may have originated 
from a common stock. Such individuals bear an essential resemblance 
to each other as well as to their common parent, in all their parts. 

7 7. For example,* the white clover (Trifolium repens) is a species 
embracing thousands of cotemporary individuals scattered over our hills 
and plains, all of common descent, and producing other individuals of 
their own kind from their seed. 

18, Varieties. To this law of resemblance in plants of one common 
origin there are some apparent exceptions. Individuals descended from 
the same parent often bear flowers difi'ering in color, or fruit diffeiing in 
flavor, or leaves difi'ering in form, etc. Such plants are called varieties. 
They are never permanent, but exhibit a constant tendency to revert to 
their original type. 

79. Examples. Varieties occur chiefly in species maintained by cultivation, 
as the apple, potato, rose. Dahlia. They also occur more or less in native plants (as 
Hepatica triloba), often rendering the limits of the species extremely doubtful They 
are due to the different circumstances of climate, soil, and culture to which they 
are subjected, and continue distinct only until left again to multiply spontaneously 
from seed in their own proper soil, or some other change of circumstances. 

80. A Genus is an assemblage of species closely related to each otlier 
in the structure of their flowers and fruit, and having more points of 
resemblance than of difference throughout. 

81. Illustration. The genus clover (Trifolium) includes many species, as the 
white clover (T. repens), the red clover (T. pratense), the buffalo clover (T. reflexum), 
etc., agreeing in floral structure and general aspect so obviously that the most hasty 
observer would notice their relationship. So in the genus Pinus^ no one would hes- 
itate to include the white pine, the pitch pine, the long-leafed pine (P. strobus, 
rigida, and palustris), any more than we would fail to observe their differences. 

82. Thus individuals are grouped into species, and species are asso- 
ciated into genera. These groups constitute the bases of all the systems 
of classification in use, whether by artificial or natural methods. 



CHAPTER II. 

TEBM OF PLANT LIFE. 

83. Plant Life defined. The vital principle in the plant or its life 
is kno^n only by its effects. In the animal these effects are, in kind, 
twofold, indicating two kinds of life, the organic and the nervous life. 
In the plant the latter kind is wanting, and the sum of its vital phe- 
nomena is popularly expressed in the one word, vegetation. 
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84. Stages of plant life. The successive phenomena of vegetation 
are germination, growth, flowering, fruit-bearing, sleeping, dying ; and 
we may add along with these, absorption, digestion, secretion. The 
development of every plant, herb or tree, commences with the minute 
embryo, advances through a continual series of transformations, with a 
gradual increase of stature, to its appointed limit. 

85. The life op the plant is a biography. Its form is never permanent, 
but changing like a series of dissolving views. The picture which it presents to the 
eye to-day differs, perhaps imperceptibly, from that of yesterday.* But let the views 
be successively sketched when it sprouts from the seed in spring, when clothed in 
its leafy robes, when crowned with flowers, when laden with ripe fruit, and when 
dead or dormant in winter — and the pictures differ as widely as those of species the 
most opposite. 

86. The term or period of plant life varies between wide extremes, 
from the ephemeral mushroom to the church-yard yew, whose years are 
reckoned by thousands. The term of life for each species is, of course, 
mainly dependent on its own laws of growth, yet is often modified by 
the climate and seasons. Thus the castor oil bean (Ricinus) is an 
annual herb in the Northern States, a shrub in the Southern, and a 
tree forty feet in height in its native India. 

87. Flowering and fruit-bearing is an exhausting process. 
If it occur within the first or second year of the life of the plant it 
generally proves the fatal event. In all other cases it is either pre- 
ceded or followed by a state of needful repose. Now if flowering be 
prevented by nipping the buds, the tender annual may become peren- 
nial, as in the florist's tree-mignionette. 

88. We distinguish plants, as to their term of life, into the an- 
nual (Q;), the biennial ((D), and the perennial {%), 

89. An annual herb is a plant whose entire life is limited to a single 
season. It germinates from the seed in spring, attains its growth, blos- 
soms, bears fruit, and dies in autumn, as the flax, corn, morning-glory. 

90. A BIENNIAL HERB is a plant which germinates and vegetates, bear- 
ing leaves only the first season, blossoms, bears fruit, and dies the second, 
as the beet and turnip. Wheat, rye, &c., are annual plants, but when 
sown in autumn they have the habit of biennials, in consequence of the 
prevention of flowering by the sudden cold. 

91. MoNOCARPic HERBS. Tho century plant (Agave), the talipot palm, &c., are 
so called. They vegetate, bearing leaves only, for many years, accumulating ma- 
terials and strength for one mighty effort in fructification, which being accomphshed, 
they die. But although the vital principle is extinguished in the parent, it survives 
multiplied a thousand fold in the seed. 

92. Perennial plants are such as have an indefinite duration of 
Jife, usually of many years. They may be either herbaceous or woody. 

93. Herbaceous perennials, or perennial herbs, are plants whose 
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parts are aonual above ground and perennial below. In other words, 
their roots or subterranean stems live from year to year, sending up an- 
nually in spring flowering shoots, which perish after they have ripened 
their fruit in autumn ; as the lily, dandelion, hop. 

94. Woody perennials usually vegetate several years, and attain 
well nigh their ordinary stature before flowering ; thenceforward they 
fructify annually, resting or sleeping in winter. They are known as 
trees, shrubs, bushes and undershrubs — distinctions founded on size alone. 

95. A SHRUB is a diminutive tree, limited to eighteen or twenty feet 
in stature, and generally dividing into branches at or near the surface of 
the ground (alder, quince). If the woody plant be limited to a still 
lower growth, say about the human stature, it is called a hush^ (snow-ball, 
Andromeda.) If still smaller, it is an undershruh (whortleberry). 

96. A TREE is understood to attain to a height many times greater 
than the human stature, with a permanent woody stem, whose lower 
part, the trunk, is un branched. 

97. Longevity of trees. Some trees live only a few years, rapidly 
attaining their growth and rapidly decaying, as the peach ; others have 
a longevity exceeding the age of man, and some species outlive many 
generations. 

98. The age of a tree may be estimated by the number of wood- 
circles or rings seen in a cross section of the trunk (§ 667), each ring 
being (very generally) an annual growth. 

99. Examples. The known age of an elm, as stated by De CandoUe, was 335 
years; of a larch, 576; a chestnut, 600; an orange, 630; oaks, from 810 to 1500 ; 
yews, 1214 to 2820. 

100. Adanson estimated the age of the baobabs of Africa at 6000 yeara Liv- 
ingston reduces it to 1800. The yew trees of Britam, as described by Balfour, are 
of wonderful longevity. One in Bradbum church-yard, Kent, is 3000 yeara old, 
and the great yew at Hedsor, Bucks, twenty-seven feet in diameter, has vegetated 
3200 years. 

101. Magnitude. At the first establishment of Dartmouth College, a pine tree 
was felled upon the college plaui which measured 210 feet in height In the Ohio 
Valley the red maple attains a girth of 20 feet, the tulip-tree of 30, and tne syca- 
more of more than 60. But the monarch tree of the world is the Sequoya gigantea 
— ^the California pine. One which had fallen measured 31 feet in diameter, and 363 
feet in length. Among those yet standing are some of still greater dimensions, as 
beautiful in form as they are sublime in height, the growth (as estimated by the 
wood-circles) of more than 8000 years. 

102. Trees are again distinguished as decidous and evergreen — ^the 
former losing their foliage in autumn and remaining naked until the 
following spring ; the latter retaining their leaves and verdure through- 
out all seasons. The fir tribe (Conifcrae) includes nearly all the ever- 
greens of the North ; those of the South are far more numerous in kind, 
e, ^., the magnolias, the live-oaks, holly, cherry, pahnetto, &c. 
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CHAPTER III, 



THE PH^NOGAMIA — HOW DEVELOPED. 



103. The embryo. The plant in its earliest stage of life is an em- 
bryo, contained in a seed. It then consists essentially of 
two parts, the radicle and the plumule. We may discern 
both in many seeds, as the pea, bean, acorn. 

104. Growth of the embryo. After the seed begins 
to grow or germinate, the embryo extends itself in two 
directions, to form the axis of the plant. The radicle or 
root-end grows downward, penetrating the dark damp earth 
as if to avoid the light, and forms the root or descending 
axis. The plumule, taking the opposite direction, ascends, 
seeking the light, and expanding itself as much 
as possible to the influence of the atmosphere. 
This constitutes the stem or ascending axis, 
bearing the leaves. 

105. Growth of the terminal bud. 
first the ascending axis is merely a bud, 
that is, a growing point, clothed and 
protected by little scales, the rudiment- 
ary leaves. As the growing point ad- 
vances, and its lower scales gradually 
expand into leaves, new scales suc- 
cessively appear above. Thus the 
axis is always terminated by a bud. 

106. Axillary buds. By the 
growth of the terminal bud the 
axis is simply lengthened in one 
direction, an undivided stem. 
But besides this, buds also 
exist, ready formed, in the 
axils of the leaves, one in 
each. 

107. How branches 
ARE FORMED. Thcse axil- 
lary buds, a part or all of them, may grow and develop like the ter- 
minal bud, or they may always sleep, as in the simple-stemmed mullein 
or palm. But in growing they become branches, and these branches 




Aoorn (seed of Qusreua paluB- 
trie) gorminating ; 6, section show- 
ing the radicle (r) which is to be- 
come the root, and the two cotyledons (c) which are to 
nonrish it; 7, the radicle r, descending; 8 and 9, the 
radicle, r, descending, and the plumule {p) ascending. 
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may, in turn, generate buds and branchlets in the axils of their own 
leaves in like manner. 

108. By the continual repetition op this sniPLB PROCESS the vegetable 
fabric arises, ever advancing in the direction of all its growing points, clothing itself 
with leaves as it advances, and enlarging the diameter of its axis, until it reaches 
the limit of existence assigned bj its Creator. 

109. The organs op nutrition. Reared by this process alone the plant con- 
sists of such organs only as were designed for its own individual nourishment — ^roots 
to absorb its food, stem and branches to transmit it, and leaves to digest it. These 
are called organs of nutrition. But the divine command which caused the tribes 
of vegetation in their diversified beduty to spring from the earth, required that 
each plant should have its' "seed within itself" for the perpetuation of its kind. 

110. How the flower originates. In the third stage of vegeta- 
tion, therefore, a change occurs in the development of some of the buds. 
The growing point ceases to advance as hitherto, expands its leaves in 
crowded whorls, each successive whorl undergoing a gradual transfor- 
mation departing from the original type, — the leaf. Thus, instead of a 
leafy branch, the ordinary progeny of the bud, ajlower is the result. 

111. Nature of the flower. A flower may be considered as a 
transformed branch, having the leaves crowded together by the non- 
development of the axis, moulded into more delicate structures, and 
tinged with more brilliant hues, not only to adorn the face of nature, 
but to fulfill the important oflSce of reproduction. 
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10, Fftony, with some of its petals removed to show the stamens and pistils. 11 to 22, the 
organs, graduated flrom the leaf to the pistil. 
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THE BOOT, OR DESCENDING AXIS. 



112. The fruit. After the flower has fulfilled its office, the de- 
ciduous parts fall away, and the remaining energies of the plant are 
directed to the development of the pistils into the perfect fruit. Let us 
illustrate this doctrine by tracing out 

113. A VIEW OP THE ORGANS OP THE P.E0NY, for example, (r) The root with 
its numerovis fibers and fabf-ilUB (some fibers tuberous) continues the axis downward, 
and (5) the 'stem upward. The leaves (a) approaching the summit, gradually lose 
their characteristic divisions, and at length become simple bracts^ (6) still undoubted 
leaves. Next by an easy gradation they appear as sepals (c, d, e,) in the calyx, the 
outer envelope of the flower, with stalk expanded and blade contracted. Then by 
a somewhat abcupt transition tliey pass into the delicate and highly colored petals 
of the corolla (/ g,), still retaining the essential marks of the leaf. To the corolla 
next succeed those slender organs called stamens (m, 71), known to be altered 
leaves firom the feet of their being often converted into petals (*, h). Lastly the 
pistils (0,) destined to bear the seeds, two or more central organs green in color, are 
each the result of the infolding of a leafj the mid-veui and united edges being yet 
discernible. 



CHAPTEE IV. 



THE ROOT OR DESCENDING AXIS. 



114. Definition. The root is the basis of the plant and the princi- 
pal organ of nutrition. It originates with the radicle of the seed ; the 
tendency of its growth is downward, and it is generally immersed in 
the soil. 

115. Diagnosis. Roots are distinguished from stems by their downward di- 
rection, by the presence of absorbing fibers, (flbrillse), and by the absence of 
color, pith, buds, leaves, and all other stem-appendages. 

116. Office. The two important offices 
in vegetable life which the root is designed 
to fiilfill, are obvious to every one, viz., to 
support the plant in its position, and to 
imbibe from the soil the food and moist- 
ure requisite for its growth. How well 
God has adapted its structure and in- 
stincts to this twofold purpose observa- 
tion is continually showing. 

117. The leading propensity of the 
ROOT is, to divide itself into branches, and 
its only normal appendages are branches, 
branchlets, fibers and fibrillse, which are 
multiplied to an indefinite extent corres- 

22, o. Extremity of a rootlet of maple ponding with the multiplication of the 

with its fibrin« and 8pongiole(magnl.|g ^^. . ^^^^^ rj^^^ ^^ ^^^^^^ 

fled 60 diameters.) ' ° ' ' 
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insures a firm hold upon the earth, and brings a large absorbing sur- 
face in contact with the moist soil. 




23. White clover— an axial root (with minnte tubers). 24, BQttcrcui>s— fibrous roots, 
Inaxial. 25, Erigenia— root tuberous. 

118. The summit of the root, or that place where the root meets 
the stem, is called the collum ; the remote, opposite extremities, the 
ends of the fibers, being chiefly active in absorption, are the spongioles. 
Neither of these terms denote distinct organs, but places only, and are 
often convenient. 

119. FiBRiLL^, a Latin term, refers to those minute hairs, (seen only 
with a lens), which clothe the younger fibers. They arise from the 
tender epidermis or skin, and perish when that thickens into bark. 
These cooperate with the fibers in the absorption of fluids. These two 
organs are the only efficient absorbers of liquid nourishment. 

120. Teansplantino trees. The fibriUae are developed and perish annually 
with the leaves, whose servants they are. Few of them remain after the fall of the 
leaf This fact plainly indicates that the proper time for transplanting trees or shrubs 
is the late autmnn, winter, or early spring, when there are but few tender fibrillar to 
be injured. 

121. Two MODES OF ROOT-DEVELOPMENT are definitely distinguished, 
— ^the axial and the inaxial, 

122. The axial mode is that where the primary, simple radicle, in 
growing extends itself downwards in a main body more or less branched, 
continuous with the stem, and forms the* permanent root of the plant. 
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Such is the case with the mustard, beet, maple, and most of the Dico- 
tyledonous plants. In 

123. The in axial mode, the primary radicle, proves abortive, never 
developing into an axial root : but, growing laterally only, it sends out 
little shoots from its sides, which grow into long, slender roots nearly 
equal in value, none of them continuous with the stem. Of this nature 
are the roots of all the grasses, the lilies and the Monocotyledons gen- 
erally, and of the Cryptogamia. Plants raised from layers, cuttings, 
tubers, and slips, are necessarily destitute of the axial root. 




Figs. 26^ Maple— an axial, ramose root. 27, Parsnip— a fusiform root 28, Turnip— a 
napiform root. 29, Corallorhiza— a coralline root. 

124. The various forms of the root are naturally and conve- 
niently referred to these two modes of development. The principal 
axial forms are the ramose, fusiform, napiform, conical. To all these 
forms the general name, tap-root, is applied. 

J. 25. The ramose is the woody tap-root of most trees and shrubs, 
where the main root branches extensively, and is finally dissolved and 
lost in multiplied ramifications. 

126. Tuberous tap-roots. In herbaceous plants the tap-root often 
becomes thick and fleshy, with comparatively few branches. This ten- 
dency is peculiarly marked in biennials (§ 90), where the root serves as 
a reservoir of the superabundant food which the plant accumulates 
during its first year's growth, and keeps in store against the exhausting 
process of fi*uit-bearing in its second year. Such is 

127. The fusiform (spindle-shaped) root, thick, succulent, tapering 
downwards, and also for a short space upwards. The beet, radish, gin- 
seng are examples. 
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128. The conical boot tapers its whole length, from the collum 
downwards (carrot). 

129. The napiform root, (turnip,) swells out in its upper part so 
that its diameter equals or exceeds its length, as in Erigenia, Panax 
trifolium (25, 25). 

84 80 81 82 83 




Figs. 80, Preony— fibro-taberous roots. 81, Ginseng— fasfform root. 82, Pelargonium trlste— 
moniliform root. 83, Spirea filipendula— nodulose root 84, A creeping stem, wltb adventi- 
tious roots. 

130. The forms of in axial roots are fibrous, fibro-tuberous, tu- 
bercular, coraline, nodulous, moniliform. 

131. The fibrous root consists of numerous thread-like divisions 
sent off directly from the base of the stem, with no main or tap-root. 
Such are the roots of most gi-asses, which multiply their fibres exces- 
sively in light sandy soils. 

132. Fibro-tuberous roots (or fasciculate). Inaxial roots are so 
called when some of the fibres are thick and fleshy, as in the asphodel, 
crow-foot, pajony. Orchis, Dahlia. When the fibre is enlarged in cer- 
tain parts only, it is nodulous, and when the enlargements occur at 
regular intervals, it is moniliform (necklace-like). When it bears little 
tubers here and there, as in squirrel-corn (Diclytra Canadensis), it is 
tubercular. 

133. Deposits of starch, or farinaceous matter, in all these cases, 
constitute the thickening substance of the root, stored up for the future 
use of the plant. 

134. Adventitious roots are such as originate in some part of the 
ascending axis, — stem or branches, whether above or below the ground. 

. They are so called because their origin is indeterminate, both in place 
and time. Examples are seen in the ground-ivy, twin-flower, and other 
creeping plants. Several special forms should be noticed ; as, 
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135. The cirrhous roots 
of certain climbing vines (Euro- 
pean ivy, poison ivy, trumpet- 
creeper) put forth in great 
numbers from the stem, serv- 
ing for its mechanical support 
and no other known use. 
Again, 

136. The fulcra of certain 
endogenous plants originate 
high up the stem, and descend- 
ing obliquely, enter the soil. Of this kind 
are the roots of the screw-pine (Panda- 
nus) of the conservatories, which are often 
several feet in length before reaching the 
ground. The figure represents a screw- 

•pine which was wholly propped up by 
roots of this kind as if on stilts. Sim- 
ilar roots occur, in a smaller way, at the 
lower joints of the Indian corn. 

137. The Banyan Tree (Ficus Indica) develops i 
adveutitious roots on a grand scale. When the ^^^ 
branches have stretched out so far as to need ad- 85. Bcrew-pine (Pandanus). 
ditional support, they send forth adventitious roots, descendmg to the earth. Hav- 
ing penetrated the soil, these roots become supporting columns. The branches 





86. Banyan (Fleas Indioa). 
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coQUnuing to advance, send down other roots, which in turn become columns similar 
to trunks, until a single tree becomes a grove capable of sheltering an army of men. 

138. The Manqrovb (Rhizopora), of the West Indies, sends down axial roots 
from its branches. The seed germinates before detached, sending down its long 
radical until it reaches the mud m which these trees grow. Thus the young plants 
gain a firm standing before quitting their hold of the parent tree. 

139. To FAVOR THE DEVELOPMENT OP ADVENTITIOUS ROOTS OU any particular 

part, keep that pari in contact with moist soil We often observe such roots to arise 
naturally, in prostrate branches or stems, at those points which touch the ground. 
In slips, cuttings, &a, the same thing occurs artificially. Hence to increase the 
roots of the potato vine, or com, Jieap the earth against the stems. The madder 
plant, which L? cultivated solely for the rich coloring matter in its roots, is success- 
fully treated in no other way. Its adventitious roots are excessively multiplied by 
deep spading and high " hiUing." 

140. To PRODUCE DWARF TREES it is Only ncccssary, by any contrivance, to re- 
tain a quantity of moist earth against the base of the selected branch until it 
strikes root. Afterwards it may be severed from the tree and transferred to the 
soil (Pig. 40, d). 

141. Axial and in axial roots in agriculture. This distinction 
must never be lost sight o£ The former strike deep, anchor firmly, and 
draw their nourishment from the lower strata of the soil. The latter . 
abide near the surface, and feed upon the upper soil. Hence let us learn 

a. Which class of crops requires deep and which shallow tillage ; 

6. Which should succeed each other in the rotation of crops ; 

c. Which may be sown together in the mixture of crops. 

142. To TRANSFORM A TAP-ROOT TO A FIBROUS. At a certain distance below the 
collum sever the tap-root without otherwise disturbing the plant. The consequence 
will be an mcreased growth of the lateral or fibrous roots nearer the surface of the 
ground. 




87, Old oak trunk with horizontal branch bearing epiphytes and 
parasites, n, A fern (Polypodinm incanum). &, Epidcmlrum con- 
opsenii)). cc^ Lons moss (Tillandsia). rf, Misseltoe (Viscum). 
tf, Lichen. 

143. Epiphytes (eTr^, upon, <t>VTOv^ a plant), a 
class of plants, called also air-plants, have roots 
■which are merely mechanical, serving to fix such 
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plants firmly upjon other plants or trees, while they derive their nour- 
ishment wholly from the air. The long-moss (Tillandsia) and Conop- 
seum are examples. 

144. Parasites — three classes. Very different in nature are the 
roots of those plants called parasites, which feed upon the juices of 
other plants or trees. Such roots penetrate the hark of the nurse-plant 
to the camhium layer beneath, and appropriate the stolen juices to their 
own growth, as the dodder and misseltoe. Other parasites, although 
standing in the soil, are fixed upon foreign roots, and thence derive 
either their entire sustenance, as the beach-drops and other leafless, col- 
orless plants ; or a part of their sustenance, as the cow -wheat (Melam- 
pyrum), Gerardia. . 

145. Subterranean stems. As there are asrial roots, so there are subterranean 
stems. These are frequently mistaken for roots, bijt may be known by their habit- 
ually and regularly producing buds. Of this nature are the tubers of the Irish po- 
tato, the root-stock of the sweet flag, the bulb of the tulip. But even the true 
root may sometimes develop buds — accidentally as it were, in consequence of some 
injury to the upper axis, or some other unnatural condition. 



CHAPTEK V. 

THE STEMj OR ASCENDING AXIS. 

146. Definition. That part of the plant which originates with the 
plumule, tends upward in its growth and expands itself to the influence 
of the air and the light, is called the stem or ascending axis. 

147. The general idea op the axis is the central substantial portion ol the 
plant, bearing the appendages, viz., the root below and the leal-organs above. 
Although not marked by gay coloring or fantastic forms; yet we regard the stem 
with a lively interest for its substantial value, its gracefulness and lofty propor- 
tions, its infinite gradation of form and texture from the tender speedwell crushed 
beneath the foot to the strong forest oak. 




88. Procumbent stem— Chiogenes hispidula. 

148. Direction of its growth. Although the first direction of 
the stem's growth is vertical in all plants, there are many in which this 
direction docs not continue, hut changes into the oblique or horizontal, 
either just above the surface of the ground, or just beneath it. If the 
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stem continues to arise in the original direction, as it most commonly 
does, it is said to be erect. If it grow along the ground without rooting 
it is said to be procumbent^ prostrate^ trailing. If it recline upon the 
ground after having at the base arisen somewhat above it, it is decum- 
bent. If it arise obliquely from a prostrate base, it is said to be ascend- 
ing, and if it continue buried beneath the soil,, it is subterranean. 




89. Decambent stem — Anagallis arvcnsis. 

149. Subterranean stems may be readily distinguished from the 
roots by the natural and habitual presence of buds in the former, regu- 
larly arranged, while no buds (unless rarely adventitious) exist in the 
latter. 

150. Stems are either simple or branched. The simple stem is 
produced by the unfolding of the primary bud (the plumule) in the di- 
rection of its point alone. As this bud is developed below into the 
lengthening stem, it is continually reproduced at its summit, and so is 
always borne at the termination of the stem. Hence the axis is always 
terminated by a bud. 

151. The Branched Stem, which is by far the most common, is pro- 
duced by the development of both terminal and axillary buds. The 
axis produces a bud in the axil of its every leaf, that is at a point just 
above the origin of the leaf-stalk. These buds remain inactive in the 
case of the simple stem, as the mullein, but more generally are devel- 
oped into leafy subdivisions of the axis, and the stem thus becomes 
branched. 

152. A Branch is, therefore, a division of the axis produced by the 
development of an axillary bud. This bud, also, ever renewed, is borne 
at the termination of the branch, so that axillary buds each in turn be- 
come terminal. 

153. The Arrangement of the Branches upon the stem depends 
therefore upon the arrangement of the leaves, which will be more par- 
ticularly noticed hereafter. This arrangement is beautifully regular, 
according to established laws. In this place we briefly notice three 
general modes : 

The alternate, where but one branch arises from the node on differ- 
ent sides of the stem, as in the elm. 
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The opposite, where two branches stand on opposite sides of the same 
node, as in the maple. 

Verticillate, where three or more branches, equidistant, encircle the 
stem at each node, as in the pine. 

154 The angle of diyebgence in branches is also subject to definite rules 
more obvious in the earlier stages of growth. While the divergence is uniform in 
the same species, it varies to every degree of the circle in different species, greatly 
affecting the form of the tree. In general, without marking the exact degree, 
branches are said to be erect (Lombardy poplar), spreading or obliquely ascending 
(common), divaricate or at nearly a right angle (oak), dejiexed (beach), and pendu- 
lotLS (weeping willow). 

155. Certain kinds of branches are noted for their tendency to 
produce adventitious roots, and thus to become independent plants. 
Nurserymen avail themselves of this property in propagation, and name 
such branches cions^ stolons, offsets, slips, layers, cuttings, and runners, 

156. The Sucker is a branch issuing from some underground por- 
tion of the plant, leaf-bearing above and sending out roots from its own 
base, becoming finally a separate, independent plant. The rose and 
raspberry are thus multiplied. 




ah c d / « 

40. o, Blip (gooseberry) taking root. &, Cutting (grape) taking root, c, Stolons or layers arti- 
ficially arranged for propagation. <f, A mode of dwarfing (§ 140). e, Clons— process of graft- 
ing, ft A Sucker. 

157. The Stolon or Layer is a branch issuing from some above- 
ground portion of the stem, and afterward declining to the ground 
takes root at or near its extremity, sends up new shoots, and becomes a 
new plant. The hobble-bush and black raspberry do this naturally, 
and gardeners imitate the process in many plants. 

158. The Cion is any healthy twig or branchlet bearing one or 
more buds, used by the gardeners in the common process of grafting. 
Slips and cuttings are fragments of ordinary branches or stems con- 
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sisting of young wood bearing one or more buds. These " strike" root 
when planted in the earth. So the grape-vine and hop. 

159. The Offset is a term applied to short side-branches ending in 
a tuft (rosette) of leaves, and capable of taking root when separated 
from the parent plant, as in houseleek. 




41, A strawberry plant (Fragaria vesca) sending ont a runner. 

M 

160. The Runner is a prostrate, filiform branch issuing from certain 
short-stemmed herbs, extending itself along the surface of the ground, 
striking root at its end without being buried. Thence leaves arise and 
a new plant, which in turn sends out new runners ; as in the strawberry. 

161. The node or joint of the stem marks a definite point of a pecu- 
liar organization where the leaf with its axillary bud arises. The nodes 
occur at regular intervals, and the spaces between them are termed iu' 
temodes. This provides for the symmetrical arrangement of the leaves 
and branches of the stem. In the root no such provision is made, and 
the branches have no manner of arrangement. 

162. "Why the stem gradually diminishes upwards. In the in- 
ternodes the fibres composing the stem are parallel, but at the nodes 
this order is interrupted in consequence of some of the inner fibres 
from below turning outwards into the leafstalk, causing more or less a 
jointed appearance. Hence each internode contains fewer fibres than 
those below it. 

163. How the stem grows. The growth of the stem consists in 
the development of the internodes. In the bud the nodes are closely 
crowded together, with no perceptible internodes, thus bringing the ru- 
dimentary leaves in close contact with each other. But in the stem, 
which is afterwards evolved from that bud, we see full grown leaves 
separated by considerable spaces. That is, while leaves are developed 
from the rudiments, internodes are evolved from the growing point. 

164. But there are exceptions here as to all other rules in science, adding 
another element of diversity to the endless gradation of form in Nature's works. In 
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many plants the axis of the primary bud does not develop into intemodes at all, or 
but partially in various degrees, as in the Trilhum, Crocus, blood-root. Such stems 
seldom appear above ground, and are said to be svJbterranean. 

165. This fact makes a wide difference in the forms of stems, and naturally con- 
stitutes them into two great divisions^ viz., the leaf-stem and the scale-stem. 

166. The leaf-stems are those forms which, with intemodes fully 
developed, arise into the air crowned with leaves. The principal forms 
are the caulis, culm, trunk, caudex, vine. 

167. The scale-stems are those forms which, with intemodes par- 
tially or not at all developed, and generally bearing scales, which are 
undeveloped leaves, scarcely emerge from beneath the soil. They are 
the creeper and rhizoma (developed), the crown, tuber, corn and bulb 
(undeveloped). 




42. Scale-stem, (Dicentra cacnllarla). 48, A flower of the same. 44, A flower of D. Canadensis. 
45, Leaf-stem (Chimaphila maculata). 



168. The leaf-stems are either herbaceous or woody. The 
herbaceous, whether arising from annual, biennial or perennial roots, 
bear fruit but one season and then perish at least down to the root, 
scarcely becoming woody ; as the (D mustard, @ radish, and the % 
grasses. The woody leaf-stems survive the winter, and become firm 
and solid in texture in after years. 

169. Caulis is a tera[i generally applied to the annual leaf-stems of 
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herbaceous plants. " Halm" is a term used in England with the same 
signification. Caulescent and accaulescent are Qonvenient terms denot- 
ing, the former the presence, and the latter the absence of the caulis or 
aerial stem. 

170. The Culm is the stem of the grasses and the sedges, generally 
jointed, often hollow, rarely becoming woody, as in cane and bamboo. 

171. The trunk is tb e name of the peculiar stems of arborescent plants. 
It is the central column or axis which supports their branching tops 
and withstands the assaults of the wind by means of the great firmness 
and strength of the woody or ligneous tissue with which it abounds. 

172. Various forms. The trunk is usually seen simple and columnar 
below, for a certain space, then variously dividing itself into branches. 
Here it is cylindrical, straight and erect, as in the forest pine ; prismatic 
often, as in the gum-tree ; gnarled and curved, as in the oak ; or inclined 
&r over its base, as in the sycamore. 




B E 

46. 8, Spruce. B, Beech. £, Elm ; to illustrate ezcurrent and solvent aids, 



173. In dividing itself into branches we observe two general modes, with 
their numerous variations, strikingly characterizing the true forms. In the one, 
named by Lindley the excurrent, the trunk, from the superior vigor of its terminal 
bud, takes precedence of the branches, and runs through to the summit, as in the 
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"beech, birch, oak, and especially in the spruce — ^trees with oval or pyramidal 
crowns. 

1T4. But in the other, the solvent axis, as seen in the elm, the apple-tree, 
the trunk suddenly divides into several subequal branches, which thence depart with 
different degrees of divergency, giving the urn form to the elm, the rounded form 
to the apple-tree, the depressed form to the sloe-tree (Viburnum) and dogwood. 

175. The form op the trunk sometimes changes with age, especially in tropical 
regions, some distorted by huge local excrescences, others swelling .out in the midst 
to '* aldermanic" proportions. 




47. «, An old willow (Salix Babylonica) with gnarled and misshapen trunh. 5, Catulem of a 
cactus (Echlnocactus Ottonis). c, Bom tax, of Brazilian forests, with distended trunk, df, Pal- 
metto (Chamserops), the caudex rough with the per&istent bases of the petioles. 

176. Caudex is a term how applied to the peculiar trunk of the palms and tree- 
ferns, simple, branchless columns, or rarely dividing in advanced age. It is pro- 
duced by the growth of the terminal bud alone, and its sides are marked by the 
scars of the fallen leaf-stalks of former years, or are yet covered by their persistent 



177. The stock or caudex of the cactus tribe is extraordinary in form and sub- 
stance. It is often jointed, prismatic, branched, always greenish, fleshy, and full 
of a -watery juice. Instead of leaves, its lateral buds develop spines only, the stem 
itself performing the functions of leavea These plants abound in the warm regions 
of tropical America, and afford a cooling, acid beverage to the thirsty traveler when 
springs dry up under the torrid sun. 

178. The vine is either herbaceous or woody. It is a stem too slen- 
der and weak to stand erect^ but trails along the ground or any conve- 
nient support. Sometimes, by means of special organs for this purpose. 
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called tendrils, it ascends trees and other objects to a great height, as 
the grape, gourd, and other climbing vines. 




Vines. 43, Passion-flower (Passiflora lutea) climbing by tendrils. 49, Morning-glory, twining 
from left to right. 50, Hop, twining from right to left 

119. The twining vine, having also a length greatly disproportioned to its dia- 
meter, supports itself on other plants or objects by entwining itself around them, 
being destitute of tendrils. Thus the hop ascends into the air by foreign aid, and 
it is a curious fiict that the direction of its winding is always the same, viz., with 
the sun, from left to right ; nor can any artificial training induce it to reverse its 
course. This is a general law among twining stems. Every individual plant of 
the same species revolves in the same direction, although opposite directions may 
characterize different species. Thus the morning glory revolves always against the sun. 

180. The forms op scale-stems are singular, often distorted in 
consequence of their underground growth and the unequal development 
of the intemodes. They commonly belong to perennial herbs, and the 
principal forms are described as follows ; but intermediate connecting 
forms are very numerous and often perplexing. 

« 181. The creeper is either subaerial or subterranean. In the former 
case it is prostrate, running and rooting at every joint, and hardly dis- 
tinguishable otherwise from leaf-stems, as the twin-flower (Linnsea), the 
|)artridge-berry (Mitch ella). In the latter case it is more commonly 
clothed with scales, often branching extensively, rooting at the nodes, 
exceedingly tenacious of life, extending horizontally in all directions be- 
neath the soil, annually sending up from its terminal buds erect stems 
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into the air. The witch-grass (Triticum rcpens) is an example. Such 
plants are a sore evil to the garden. They can have no better cultiva- 
tion than to be torn and cut to pieces by the spade of the angry gar- 
dener, since they are thus multiplied as many times as there are 
fragments. h i 




Fig. 51. Creeper of "Nimble Will," or witch-grass ; a, Bud ; 55, Bases of culms. 

182. Utilitt. Repent stems of this kind are not, however, without then* use. 
They frequently abound in loose, sandy soil, which they serve to bind and secure 
against the inroads of the water and even the sea itself Holland is said to owe its 
very existence- to the repent stems of such plants as the mat-grass (Arundo arenaria), 
Carex arenarius and Elymus arenarius, which overrun the artificial dykes upon its 
shores, and by their innumerable roots and creepers apparently bind the loose sand 
into a firm barrier against the washing of the waves. So the turf, chiefly composed 
of repent grass-stems, forms the only security of our own sandy or clayey hills 
against the washing rains. 

183. The rhizome or root-stock differs from the creeper .only in 
being shorter and thicker, having its internodes but partially developed. 
It is a prostrate, fleshy, rooting stem, either wholly or partially subter- 
ranean, often scaly with the bases of undeveloped leaves, or marked 
with the scars of former leaves, and yearly producing new shoots and 
roots. Such is the fleshy, horizontal portion of the blood-root, sweet- 
flag, water-lily, bramble (the latter hardly different from the creeper). 

184. The growth op the rhizome is instructive, marking its peculiar character. 
Each joint marks the growth of a year. In spring the terminal bud unfolds into 

68 




Fig. 62. Ehizoma of Solomon's-seal (Polygonatum multiflora) <t, Fragment of the first year's 
growth ; ft, the second year's growth ; c, growth of the third year ; d, growth of the present 
(fourth) year, bearing the stem which, on decaying, will leave a scar (seal) like the rest 63. Pre- 
morse stem of Trillium. 
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leaves and flowers to perish in autumn— a new bud to open the following spring — 
and a new intemode with its roots to abide several years. The number of joints in- 
dicates, not the age of the plant, but the destined age of each intemode. Thus if 
there are three joints, we infer that they are triennial, perishing after the third sea- 
son, while the plant still grows on. 

185. The premorse root-stock, formerly described as a root, is a 
short, erect rhizome, ending abruptly below as if bitten square off 
(pra3morsus). This is owing to the death of the earlier and lower in^ 
ternodes in succession, as in the horizontal rhizome. Scabious, Viola 
pedata, benjamin-root (Trillium) are examples. 

186. Crown of the root designates a short stem with condensed 
internodes, remaining upon some perennial roots, at or beneath the sur- 
face soil after the leaves and annual stems have perished. 

187. The tuber is an annual thickened portion of a subterranean 
stem or branch, provided with latent buds called eyes, from which new 
plants ensue the succeeding year. It is the fact of its origin with the 
ascending axis, and the production of buds that places the tuber among 
stems instead of roots. The potato and artichoke are examples. 

56 55 54 




Tubers as they grow. 54, The common potato (Salanum). 65, Artichoke (Helianthus) 
56, Sweet potato (Convolvulus). 

188. How THE potato GROWS. The stem of the potato plant sends out roots 
from its base, and branches above like other plants ; but we observe that its branches 
have two distinct modes of development. Those branches which arise into the air, 
whether issuing from the above-ground or the under-ground portion of the stem, 
expand regularly into leaves, &c., while those lower branches which continue to 
grope in the dark, damp ground, cease at length to elongate, swell up at the ends 
into tubers with developed buds and abundance of nutritious matter in reserve for 
renewed growth the following year. 
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189, The cobm is an under-ground, solid, fleshy stem, with con^ 
densed internodes, never extending, but remaining of a rounded form 
covered with, thin scales. It is distinguished from roots by its leaf-bud, 
which is either borne at the summit, as in the crocus, or at the side, as 
in the colchicum and putty-root (Aplectrum). 

190. How THE OORM OEOWS. The oocm usuully accomplishes its part in vegeta- 
tion in one or two seasons, and then gradually yields up its substance and life for 
the nourishment of the new pipgeny formed from the axils of its upper scales in 
case of the Crocus and Gladiolus, or the single new corm from the axil of a lateral 
scale, as in Colchicum. 




57, Gorms of putty-root (Aplectrum) ; a, of last year, &, of the present year. 58, Scale bulb of 
white lily. 59, Scale bulb of Oxalis violacea. 

191. The Bulb partakes largely of the nature of the bud. It con- 
sists of a short, dilated axis, bearing an oval mass of thick, fleshy scales 
closely packed above, a circle of adventitious roots around its base, and 
a flowering stem from the terminal, or a lateral bud, 

192. HoTT MULTIPLIED. Bulbs are renewed or multiplied annually at the ap- 
proach of winter by the development of bulbs from the axils of the scales, which 
increase at the expense of the old, and ulti- 
mately become detached. Bulbs which flow- 
er from the terminal bud are necessarily either 
annual or biennial : those flowering from an 
ajdllary bud may be perennial, as the termi- 
nal bud may in this case continue to develop 
new scales indefinitely. 

193. Bulbs are said to be tunicated 
when they consist of concentric layers, 
each entire and enclosing all within it, eo. Bulb of Liiium superbum, with habit 
as in the onion. But the more com- «^ ^ rhizome; o, ftiii-grown bulb sending 

, up a terminal stem c, and two oflBets &ft, for 
mon vanety is the scaly bulb consist- the bulbs of next year. 

ing of fleshy, concave scales arranged spirally upon the axis, as in the 

lily. 
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61, Corm of Crocus, with new ones forming above ; 62, Vertical section of the same ; 68, Sec- 
tion of bulb of Hyacinth with terminal scape and axillary bulblet ; 64, Section of bulb of Oxalis 
yiolacea, with axillary scapes. 

194. The tuber, corm and bulb are analogous forms approaching by degrees 
to the character of the bud, which consists of a little axis bearing a covering of 
scales. In the tuber the axis is excessively developed while the scales are reduced 
to mere linear points. In the corm the analogy is far more 66 

evident, for the axis is less excessive and the scales more ^^ 
manifest, and lastly in the bulb the analogy is complete, or 
overdone, the scales often becoming excessive. 



CHAPTEE VI. 

THE LEAF-BUD. 

195. It is but a step from the study of the bulb 
to that of the leaf-bud. Buds are of two kinds in 
respect to their contents; the leaf-bud containing 
the rudiments of a leafy stem or branch, the flower- 
hud containing the same elements transformed into 
the nascent organs of a flower for the purpose of 
reproduction. 

196. The leap-bud consists of a brief, cone- 
shaped axis with a tender growing point, bearing a 
protecting covering of imbricated scales and incip- 
ient leaves. 

65. Branch of pear tree. The terminal bud <?, having been do- 
6tr»>yed, an axillary bud supplied its place, and formed the axis 5. 
c. Thickened branch with flower-buds, <f, branch with leaf-buda. 
66. t, section of terminal bud ; f, of axillary bud. 
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197. Nature op the scales. The scaly envelops of the bud appear to be either 
the rudimentary leaves or stipules of the preceding year, formed late in the season, 
arrested in their development by the frosts and scanty nourishment, and reduced 
to a sear and hardened state. If the bud of the rose, tulip-tree, or horse-chestnut 
be examined when swollen in the spring, the student will notice a gradual transi- 
tion from the outer scales to the evident leaves or stipules within. 




67, Bud of currant unfolding,— the scales gradually becoming leaves. 68, Bud of tulip-tree,— the 
scales unfolding into stipules. 

198. It is an interesting illustration op designing Wisdom that buds are fur- 
nished with scales only in wintry climates. In the Torrid Zone, or in conservatories, 
where the temperature is equalized through the year, plants develop their foliage 
into buds immediately after formation, without clothing them in scales. In annual 
plants also, the buds are destitute of scales, not being destined to survive the win- 
ter. Hence it is evident that the transformation of autumnal leaves into scales, 
is a means ordained by the great Author of Nature to protect the young shoots in 
their incipient stages from sudden cold and moisture, — an office which they effect- 
ually fulfil by their numerous downy folds and their insoluble coat of rosin. 

199. How buds are protected. In many trees the bud-scales are clothed with 
dense, downy hairs. In others, as in the horse-chestnut, balm of Gilead, and other 
species of poplar, the buds are covered with a viscid, aromatic resin, resembling a 
coat of varnish. A considerable quantity may be separated from a handful of such 
buds in boiling water. 

200. The parent bud. In regard to position, buds are either terminal or axil- 
lary — a distinction already noticed. The plumule of the embryo is the original 
parent bud, containing within its minute organization the manifold parts of the fu- 
ture plant — stem, leaves, flower, fruit — ^all to be successively unfolded in future 
months or years. The un/blding of this first terminal bud in the one direction of its 
point produces the simple stem. 

201. Origin op branches. But in every plant a special provision is made for 
the development of branches. It is a general law that every expanding leaf shall 
subtend an infant bud in its axil, that is, in the upper angle of the insertion of the 
leaf-stalk ; hence the plant may always have as many axillary buds as it has leaves. 

202. Axillary buds are especially noted as being either active or 
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LATENT. In the former case they are unfolded into branches at once, or 
in the spring following their formation. But latent buds suspend their 
activities from year to year, or perhaps are never quickened into 
growth. 

203. Axillary buds become terminal so soon as their development 
fairly commences, therefore each branch also has a terminal bud, and, 
like the main axis, is capable of extending its growth as long as that 
bud remains unharmed. If it be destroyed by violence or frost, or 
should it be transformed into a flower-bud, the growth in that direction 
forever ceases. 

204. The suppression op axillary buds tends, of course, to sim- 
plify the form of the plant. Their total suppression during the first 
year's growth of the terminal bud is common, as in the annual stem of 
mullein and in most perennial stems. When axillary buds remain per- 
manently latent, and only the terminal bud unfolds year after year, a 
simple, branchless trunk, crowned with a solitary tuft of leaves, is the 
result, as in the palmetto of our 
southern borders. 

205. A PARTIAL suppression OP 

buds occurs in almost all species, and 
generally in some definite order. In 
plants with opposite leaves, sometimes 
one bud of the pair at each node is de- 
veloped and the other is suppressed, as 
in the pink tribe (Caryophyllaceae). 
When both buds are developed, the 
branches, appearing in pairs Hke arms, 
are said to be brachiaiej as in the Labiatae. 
In many trees the terminal buds are ar- 
rested by inflorescence each season, and 
the growth is continued by axillary buds 
alone, as in the Catalpa and horse-chest- 
nut. In all trees, indeed, buds are sup- 
pressed more or less, from various causes, 
disguising at length the intended sym- 
metry of the branctes, to the utter con- 
fusion of twigs and spray. 

206. AooESSORT BUDS, One or more, 
are sometimes found just above the true 
axillary bud, or clustered with it, and 
oply distinguished from it by their 
smaller size : as in the cherry and honey- 
suckle. 

207. Adventitious or accidental buds are such as are neither ter- 
minal nor axillary. They occasionally appear on any part of the 




69, Hypericum Sarothra, with brachiate 
branches. 70, Pink (Dianth us)— axillary buds 
alternately suppressed. 
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plant in the internodes of the stem or branches, on the root, or even 
leaves. 

208. Causes and examples. Such buds generally result from some 
abnormal condition of the plant, from pruning or other destruction of 
branches or stem above, while Jhe roots remain in full vigor; thus de- 
stroying the equilibrium of vital force between the upper and lower 
axis. The leaf of the walking-fern emits rootlets and buds at its apex; 
the leaf of Bryophyllum from its margin, each bud here also preceded by 
a rootlet. Some plants are thus artificially propagated in conservato- 
ries from the influence of heat and moisture on a leaf or the fragment 
of a leaf. 

209. Vernation or pr^efoliation are terms denoting the mode of 
arrangement and folding of the leaf organs composing the bud. This 
arrangement is definitely varied in different orders of plants, furnishing 
useful distinctions in systematic botany. 

210. The vernation of the bud is exhibited in an interesting man- 
ner by making with a keen instrument a cross-section of it in its swollen 
state, just before expansion ; or it may be well observed by removing 
one by one the scales. 

211. The forms of vernation are entirely analogous to those of 
aestivation, and denoted by similar terms. We shall here notice only 
such as are more peculiar to the leaf-buds. 

212. Vernation is considered in two different aspects^ first, the 
manner in which the leaf itself is folded ; second, the arrangement of 
the leaves in respect to each other. This depends much upon the 
phyllotaxy. (§ 220.) 



71 



72 



78 



T4 



75 



76 




Vernation, 71, of oak leaf; 72, of Liriodondron (tulip tree); 78, of fern; 74, of carex; 
75, sage; 76, iris. 

213. Each leaf alone considered is either ^a^ and open, as in the 
mistletoe, or it \& folded or rolled^ as follows: 

Reclined, when folded crosswise with apex bent over forward towards 
the base as in the tulip-tree. 

Conduplicate, when folded perpendicularly, with the lateral halves 
brought together, face to face, as in the oak. 
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Plaited or plicate, each leaf folded like a fan ; vine, birch. 

Circinate, when each leaf is rolled or coiled downwards from the 
apex, as in the sun-dew and ferns. 

Convolute, the leaf wholly rolled np from one of its sides, as in the 
cherry. InvolutCy having both edges rolled inwards as in apple, violet 
JtevoluteyYfith both margins rolled 
outwards and backwards, as in the 
dock, willow, rosemary. 

T7 73 T9 



80 





Vernation. 77, of birch leaf; 78, of lilac, (imbricate); 79, cherry leaves, (convolute) ; 80, <lock 
bud, (revolute) ; 81, balm of Gilead, (involute). 

214. The general vernation is loosely distinguished in descriptive 
botany as valvate (edges meeting), and imbricate (edges 
overlapping), terms to be noticed hereafter. The val- 
vate more often occurs in plants with opposite leaves. 
Imbricated vernation is 

Equitant (riding astraddle), when conduplicate leaves 
alternately embrace— the outer one the next inner, by 52. Vemation of Sr- 
its unfolded margins, as in the privet and iris, 

Obvolute, or half-equitant, when the outer leaf^ 
embraces only one of the margins of the inner, 
as in the sage. 

Triquetrous, whq^e the bud is triangular in sec- 
tion, and the leaves equitant at each angle, as in 
the Carices. 

215. The principle op budding. Each leaf-bud 
may be regarded as a distinct individual, capable of 
vegetating either in its native position, or when 
removed to another, as is extensively practiced in 
the important operation of budding. 

216. Bulbleto. In the tig^r-lily, Cicuta bulbifera, ^ g^^^,^^ ^^^ ^^^ 
and Aspidium bulbiferum, the axillary buds spon- of "budding." 
taneously detach themselves, fall to the ground, and become new plants. 
These remarkable little bodies are called bulblets. 
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THE LEAF. 



217. Its importance. The leaf constitutes the verdure of plants, 
and is by far the most conspicuous and beautiful object in the scenery 
of nature. It is also of the highest importance in the vegetable econ- 
omy, being the organ of digestion and respiration, 

218. The leap is characterized by a thin and expanded form, 
presenting the largest possible surface to the action of the air and light, 
which agents are indispensable to the life and increase of the plant. 

219. The color op the leap is almost universally green, which of all colors is 
the most agreeable to the eye ; but its intensity varies by infinite shades, and is 
often finely contrasted with the more delicate tints of the flower. Towards maturity 
its verdure is changed, often to the most brilliant hues, as red, crimson, orange, yel- 
low, giving our autumnal forest scenery a gaiety, variety, and splendor of coloring 
which the wildest fancy could scarcely surpass. 

PHYLLOTAXY, OR LEAF-ARRANGEMENT. 

220. As the position of the leaf upon the stem marks the position of the axillary 
bud, it follows that the order of the leaf-arrangement will be the order of the 
branches also. The carefiil investigation of this subject has developed a science of 
unexpected exactness and beauty, called phyllotaxy (^v^Aov, a lea^ raf tf, order.) 




85, Ladies'-sllpper (leaves alternate) ; 86. Synandra grandlflora (leaves opposite) ; 88, Medeola 
Virginlca (leaves verticillate) ; 87, Larix ADiericana (leaves fasciculate). 
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221. Position upon the stem. Leaves are radical when they grow 
out of the stem at or beneath the surface of the ground, so as to appear 
to grow from the roots ; cauline when they grow from the stem, and 
ramial [ramus, a branch), when from the branches. 

222. Insertion upon the axis. The arrangement of the scales 
and young leaves in the bud appears to be in close, contiguous circles. 
By the development of the axis the leaves are separated, and their order 
variously modified, according to the following general modes : — 

Alternate, one above another on opposite sides, as in the elm. 

Scattered, irregularly spiral, as in the potato vine. 

Rosulate, clustered regularly, like the petals of a rose, as in the 
plantain and shepherd's-purse. 

Fasciculate, tufted, clustered many together in the axil, as seen in the 
pine, larch, berberry. 

Opposite, two, against each other, at the same node. Ex. maple. 

Verticillate, or whorled, more than two in a circle at each node, as 
in the meadow-lily, trumpet-weed. We may reduce all these modes to 

223. Two GENERAL TYPES, — the alternate, including all cases with 
one leaf at each node, — the opposite, including cases with two or more 
leaves at each node. 

224. The true character op the alternate type may be learned 
by an experiment. Take a straight leafy shoot or stem of the elm or 
flax, or any other plant with seemingly scattered leaves, and beginning 
with the lowest leaf, pass a thread to the next above, thence to the next 
in the same direction, and so on by all the leaves to the top ; the thread 
will form a regular spiral, 

225. Fasciculate leaves are the members of an undeveloped branch, and in 




Phyllotaxy. 89, leafy branch of elm,— cycle i. 90, leafy branch of alder,— cycle \ ; 91, leafy 
brunch of cherry, — cycle f • 
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case of the subsequent development of the branch, as often occurs in the Berb- 
eris and larch, their spiral arrangement becomes manifest In the pines the fas- 
cicles have fewer leaves, their number being definite and characteristic of the species. 
Thus P. strobus, the white puie, has 5 leaves in each fascicle, P. palustris, the long- 
leaved pme, has 3, P. inops, 2. 

226. The opposite leaved type is also spiral. The leaves in each circle, 
whether two or more, are equidistant, dividing the circumference of the stem into 
equal arcs. The members of the second circle are not placed directly above those 
of the first, but are turned, as it were, to the right or left, so as to stand over the 
intervening spaces. Hence there may be traced as many spirals as there are leaves 
iu each whorl. 

227. Decussate leaves result from this law, as in the motherwort 
and all the mint tribe, where each pair of opposite leaves crosses in di- 
rection the next pair, forming four vertical rows of leaves. Therefore, 
it is 

228. An established law that the course of development in the 
growing plant is universally spiral. But this, the formative cycle as it 
is called, has several variations. 





92, 93, 94, showing the course of the spiral thread and the order of the leaf-succession in the 
axes of elm, alder, and cherry. 95, axis of Osage-orange with a section of the bark peeled, dis- 
playing the order of the leaf-scars (cycle |). 

229. The elm cycle. In the strictly alternate arrangement (elm, linden, grasses) 
the spiral thread makes one complete cu*cuit and commences a new one at the third 
leaf The third leaf stands over the first, the fourth over the second, and so on, 
forming two vertical rows of leaves. Here (calling each complete circuit a cycle) 
we observe 

230. First, That this cycle is composed of two leaves ; second, that the angu- 
lar distance between its leaves is J a cycle (180°); third, if we express this cycle 
mathematically by J, the numerator (1) will denote the turns or revolutions, the de- 
nominator (2) its leaves, and the fraction itself the angular distance between the 
leaves(Jof360<5). 
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231. The alder cycle. In the alder, birch, sedges, &c., the cycle is not com- 
plete until the fourth leaf is reached. The fourth leaf stands over the first, the fifth 
over the second, &c, forming three vertical rows. Here call the cycle ^ ; 1 denotes 
the turns, 3 the leaves, and this fraction itself the angular distance (^ of 360*=*). 

232. The cherry cycle. In the cherry, apple, peach, oak, willow, etc., neither 
the third nor the fourth leafj but the sixths stands over the first ; and in order to 
reach it the thread makes two turns around the stem. The sixth leaf is over the 
first, the seventh over the second, &c., forming five vertical rows. Coll this the f 
cycle ; 2 denotes the turns, 5 the leaves in the cycle, and the fraction itself the an- 
gular distance (f of 360©). 

233. The Osage-orangb cycle. In the common hedge plant, Osage-orange, 
the holly, evening primrose, flax, etc, we find no leaf exactly over the first until we 
come to the 9th, and in reaching it the spiral makes three turns. Here the leaves 
form eight vertical rows. It is a f cycle ; 3 the number of turns, 8 the number of 
leaves, and the fraction the angular distance between the leaves (f of 360°). 

234. The cycles compared. These several fractions which represent the above 
cycles form a series as follows : J, •!•, |, f , in which each term is the sum of the two 
preceding. The fifth terms in order will, therefore, be -S^ ; and this arrangement is 
actually realized in 




96, Phyllotaxy of the cone (cycio -^-^ ) of Pinus serotlna. 97, cherry cycle Cf ), as seen ftom 
above, forming necessarily that kind of lestivatlon called quincuntial. 

235. The white pine cycle. In the young shoots of the white pine, in cones 
of most pines, in flea-bane (Erigeron Canadense), etc., the fourteenth leaf stands over 
the first, the fifteenth over the second, etc. The spiral thread makes five revolu- 
tions to complete the cycle, which is, therefore, truly expressed by J^. 

236. The houseleek cycle is next in order, expressed by the firaction (^^) 
^ having eight turns and twenty-one leaves. Examples are found in the Scotch 
pine, houseleek, &c. 

237. How to determin]^ the higher cycles. To trace the course of the for- 
mative spiral in these higher cycles becomes difiBcult on account of the close prox- 
imity of the leaves. In the pine cone (Fig. 96, Pinus serotina) several sets of sec- 
ondary spirals are seen ; one set of five parallel spirals turning right (1 — 6 — 11 — 16, 
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etc., the common difference being also five) ; two seta (one of three, the other of 
eight) turning left ; and still another set, of thirteen, steepest of all, turning right 
(1 — 14 — 27, etc.). Now the sum of the spirals contained in (he two steepest sets gives 
the denominator of the frojdion expressing the true formative spiral sought Thus, 
8-|-13^21. The numerator corresponding is already known, and the fraction is 
-L. See also the white pine cone, whose cycle is -5^. 

238. Diagram 97 represents the leaves of a cherry cycle as seen from above, and 
verified in the aestivation of the fiowers in the rose-family. 



MORPHOLOGY OF THE LEAF. 



239. General character. The leaf may be regarded as an expan- 
sion of the substance of the bark, extended into a broad thin plate by 
means of a woody frame work or skeleton, issuing from the inner part 
of the stem. The expanded portion is called the lamina or blade of 
the leaf, and it is either sessile, that is, attached to the stem by its base, 
or it is petiolate, attached to the stem by a footstalk called the petiole. 

240. Stipules. But the regular petiole very often bears at its base 
a pair of leaf-like appendages, more or less ap- 
parent, called stipules. Leaves so appendaged 
are said to be stipulate, otherwise they are ex- 
stipulate, 

241. Therefore a complete leaf consists of 
three distinct parts ; the lamina or blade, the 
petiole, and the stipules. 

242. Transformations. Both the petiole, 
blade and stipules are subject to numerous mod- 
ifications of form. Either of them may exist 

YJ // y X ^^^^^^^ ^^® others, or they may all be transformed 
V- -4^/)] into other organs, as pitchers, spines, tendrils, 
/ /j and even into the organs of the flower, as will 
[J hereafter appear. 

OF THE PETIOLE. 

243. The form of the distinct petiole is 
rarely cylindrical, but more generally flattened 
or channeled on the upper side. When it is 
flattened in a vertical direction, it is said to be 
compressed, as in the aspen or poplar. In this 
case the blade is very unstable, and agitated by 

93. Leaf of willow (Saiix ^}^q j^^st breath of wind. 

244. The winged petiole is flattened or ex- 




lucida) ; «, the stipules. The 
midvein is 3-lined; velnlets 



2.iined;veinuiets8ingie.iined. pan(jed into a margin, but laterally instead of 
vertically, as m the asters. Sometimes the 



99, clover leaves 
p, petiole, /, leaflets. 



stipules, 
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margins outrun the petioles, and extend down the stem, making that 
winged or alate also. Such leaves are said to be decurrent (decurro, 
run down). Ex. Mullein. 

245. The amplexicaul or stem-claspino petiole is dilated at the 
base into a margin which surrounds or clasps the stem, as in the 
umbilifers. Frequently we find the stem-clasping margins largely 
developed, co^istituting a sheath — with free edges in the grasses, or 
closed into a tube in the sedges. 

246. The petiole is simple in the simple leaf, but compound or 
branched in the compound leaf, with as many branches (petiolules) 
as there are divisions of the lamina. 

OF THE STIPULES. 

247. Stipules are certain leaf-like expansions, always in pairs, situated 
one on each side of the petiole near the base. They do not occur in 
every plant, but are pretty uniformly present in each species of the same 
natural order. In substance and color they usually resemble the leaf, 
sometimes they are colored like the stem, often they are membranous 
and colorless. In the palmetto its substance is a coarse net-work re- 
sembling canvass. 

100 101 




100, Rose leaf, odd-pinnate, with adnate stipules. 101, Violet, (V. tricolor), with simple leaf 
( 0» and free compound stipules. 

248. Stipules are often adnate or adherent to the petiole, as in 
the rose ; more generally they are free, as in the pea and pansy. In these 
cases and others they act the part of leaves ; again they are very small 
and inconspicuous. 

249. An ochre a is a membranous sheath inclosing the stem from 
the node upwards, as in the knot-grass family (Polygonaceae). It is 
formed of the two stipules cohering by their two margins. In case the 
two stipules cohere by their outer margin only, a double stipule is 
formed opposite to the leaf, as in the button-wood. If they cohere by 
their inner margin, the double stipule appears in the leaf axil, as in the 
pond-weed (Potamogeton). 
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250. Inter-petiolar stipules occur in a few opposite leaved tribes, as the Ga- 
lium tribe. Here we find them as mere bristles in Diodia while in Galium they 
look like the leaves, forming whorls. Such whorls, if complete, will be appar- 
ently 6-leaved, consisting of two true leaves and four stipules. But the adjacent 
stipules are often united, and the whorl becomes 4-leaved. 




102 103 104 106 
102, Leaf of Conloselinum, tripinnate, with sheathing petiole. 108, Leaf of Polygonum Penn- 
sylvanicum, with its (o) ochrea. 104, Calm of grass, with joint (j), leaf (J) ligule (s). 106, Leaf 
of pear-tree, with slender stipules. 

251. The Ligulij of grasses is generally regarded as a double axil- 
lary stipule. The leaflets of compound leaves are sometimes furnished 
with little stipules, called stipels, 

252. Stipules are often fugacious, existing as scales in the bud, 
and falling when the leaves expand, or soon after, as in the Magnolia 
and tulip-tree. 

O F THE VEINS. 

263. Leaves, simple and compound. A leaf is simple when its 
blade consists of a single piece, however cut, cleft or divided ; and com- 
pound when it consists of several distinct blades, supported by as many 
branches of a compound petiole. 

254. Nature of veins. The blade of the leaf consists of, (1) the 
frame-wovh^ and (2) the tissue commonly called the parenchyma. The 
frame-work is made up of the branching vessels of the foot-stalk, which 
are woody tubes pervading the parenchyma, and conveying nourishment 
to every part. Collectively, these vessels are called veins, from the 
analogy of their functions. 

255. Venation is a term denoting the manner in which the veins 
are divided and distributed. The several organs of venation, differing 
from each other only in size and position, may be termed the midvein, 
veins, veinlets and veinulets. (The old terms, midrib and nerves, being 
anatomically absurd, are here discarded). 

256. The midvein is the principal axis of the venation, or prolong- 
ation of the petiole, ninning directly through the lamina, from base to 
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apex, as seen in the leaf of the oak or birch. If there be several simi- 
lar divisions of the petiole, radiating from the base of the leaf, they are 
appropriately termed veins ; and the leaf is said to be three-veined, 
five-veined, etc. Ex, maple. 

257. The primary branches sent off from the midvein, or the veins 
we may tenn the veinlets, and the secondary branches, or those sent 
off from the veinlets, are the veinulets. These also branch and subdi- 
vide until they become too small for vision. 




106 iw 

Varieties of venation. 106, feather-veined,— leaf of Betula popullfolia (white birch), lying upon 
a leaf of plum-tree ; same venation with different outlines. 107, Palmate-veined,— leaf of white 
maple, contrasted with leaf of Circis Canadensis. lOS, Parallel venation,— plant of " three-leaved 
Solomon's-seal,'* (Asteranthemum trifoliatum Kunth.) 109, Forked venation,— climbing fern 
(Lygodium). 

258. Modes of venation. Botanists distinguish three principax 
modes of venation, which are in general characteristic of the three 
grand divisions of the vegetable kingdom already noticed. 

Eeticulate, or net- veined, as in the Exogens : this kind of vena- 
tion is characterized by the frequent reunion or inosculation of its nu- 
merously branching veins, so as to form a kind of irregular net-work. 

Parallel-veined, as in the Endogens. The veins, whether straight 
or curved, run parallel, or side by side, to the apex of the leaf, or to the 
margin, and are always connected by simple transverse veinlets. 

FoRK-VEiNKD, as in the ferns (and other Cryptogamia, where veins 
are present at all). Here the veins divide and subdivide in a furcate 
manner, and do not re-unite. 
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259. Of the reticulate venation, the student should carefully note 
three leading forms, the feather-veined, the palmate-veined, and the 
triple-veined. 

The FEATHER-rEiNED (piuni-veined) leaf is that in which the venation 
consists of a midvein giving off at intervals lateral veinlets and branch- 
ing veinulets. Ex. beech, chestnut. 

260. In the radiate-veined (palmi-veined) leaf the venation con- 
sists of several veins of nearly equal size, radiating from the base 
towards the circumference, each with its own system of veinlets. Ex. 
maple, crow-foot. 

261. The tripli- veined seems to be a form intermediate between 
the two others when the lowest pair of veinlets are conspicuously 
stronger than the others above them towards the apex, extending with 
the midvein towards the summit. 

262. In parallel-veined venation the veins are either straight^ as 
in the linear leaf of the grasses, curved^ as in the oval leaf of the 
orchis, or transverse as in the Canna, Calla, &c. 

FORM OR FIGURE. 
114 




110 118 

Forms of leaves. 110, Rhododendron maximum. Ill, Alnus glutinosa (cult). 112, Poly- 
gonum sagittatum. 113, Pawpaw. 114, Impatiens fulva. 115, Celtis Americana. 116, Circaea 
Lutetiana. 117, Catmint. 118, Solidago Canadensis— a triple-veined leaf. 

263. That infinite variety of beautiful and graceful forms for which the leaf is 
distinguished becomes intelligible to the student only when viewed in connection 
•with its venation. Since it is through the veins alone that nutriment is conveyed 
for the development and extension of the parenchyma, it follows that there will be 
the greatest extension of outline when the veins are largest and most numerous. 
Consequently the form of the leaf will depend upon the direction of the veins and 
the vigor of their action in developing the intervening tissue. In our description 
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of individual forms of outline we shall select only the most remarkable, leaving 
others for explanation in the glossary. 

264. The most obvious arrangement is that which is founded upon the modes 
of veining ; but it should be premised that different forms of venation often give rise 
to the same outline. Were we required to characterize our idea of the abstract, 
typical leaf-form, we should sketch an oval outline of surface, with equal sides and 
unequal ends. The nearest approach to this we find among the 



119 



120 



122 



123 



124 



126 



126 





Diagrams of pinnate-veined leaf-forms. 

119, orbicnlar, 124, spatbnlate, 

120, oval, 125, oblanceolate, 

121, elliptical,' 126, obovate, 

122, oblong, 12T, deltoid, 

123, caneiform. 128, lanceolate, 

129, ovate. 

265. Feather-veined leaves. Of these, the following 
forms depend upon the length of the veinlets in relation 
to each other and to the midvein. When the lowei* veinlets are longer 
than the others, the form of the blade will be (1) ovate^ with the out- 
line of an Qgg^ the broad end at the base ; (2) lanceolate, or lance- 
shaped, narrower than ovate, tapering gradually upwards ; (3) deltoid or 
triangular shaped, like the Greek letter A. 

a. If the middle veinlets exceed the others in length, the leaf will 
be (4) orbicular, roundish or quite circular; (5) elliptical^ with the 
outline of an ellipse, nearly twice longer than broad; (6) oval, broadly 
elliptical ; (7) oblong, narrowly elliptical. 

266. When the veinlets are more largely developed in the 
UPPER region of the LEAF its foHu bccomes (8) obovate, inversely 
ovate, the narrow end at base ; (9) oblanceolate, that is, lanceolate with 
the narrow end at base ; (10) spatulate, like a spatula, with a narrow 
base and a broader, rounded apex ; (11) cuneate or cuneiform, shaped 
like a wedge with the point backwards. 

267. Again, if the lowest pair op veinlets are lengthened and 
MORE OR LESS RECURVED, the leaf will be variously modified in respect 
to its base, becoming (12) cordate, or heart-shaped, an ovate outline 
with a sinus or reentering angle at base; (13) auriculate, with ear- 
shaped lobes at base; (14) sagittate, arrow-shaped, with the lobes 
pointed, and directed backwards; (15) Aa«^a^^, halbert-shaped, the lobes 
directed outwards. 
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268. PiNNATiFiD FORMS. The following pinnate- veined forms, ap- 
proaching the compound leaf, depend less upon the proportion of the 




134 



130 181 182 183 

Fonns of leaves. 130, Silene Virginica. 131, Magnolia Frasori. 136, Arabis dentata. 
13T, Polygonum arlfolium. 132, Hepatica acutiloba. 133, Asarum Virginicum. 184, Hydro- 
cotyle Americana. 135, II. umbellata. 

veinlets than upon the relative development of the intervening tissue. 
The ]^Te^x pinnated is obviously used in contrast vfith palmated among 
palmate-veined forms. 




Feather-veined leaves, approaching the compound. 188, Quercas imbricaria— undulate. 
189, Q. alba (white oak) — ^lobate-sinuate. 140, Q. iracrocavpa— lyratc. 141, Mulgedium (milk- 
weed). 142, Bipinnatifld leaf of Ambrosia artemisifolia (hog- weed). 

269. PiNNATiFiD (pinna, feather, Jindo, to cleave) feather-cleft, 
the tissue somewhat sharply cleft between the veinlets about half way 
to the midvein, forming oblong segments. When the segments of a 
pinnatifid leaf are pointed and curved backward it becomes runcinate, 
i. e,j re-uncinate. When the terminal segment of a pinnatifid leaf is 
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orbicular in figure and larger than any other, presenting the form of the 
ancient lyre, the form is termed lyrate, 

148 




Feather-veinod leaves almost compouTKl. 143, Nlgella (pinnatlsnct). 144, Cheledoniam ma- 
jus. 145, Thistle (Cirsium lanceolatum). 146, Dandelion (runclnate-lyrate). 

270. PiNNATELY PARTED implies that the incisions are deeper than 
pinnatifid, nearly reaching the midvein. In either case the leaf is said 
to be sinuate when the incisions (sinuses) as well as the segments are 
rounded and flowing in outline. Such segments are lobeSy and the leaves 
lohate or lohed, a very generic term. 

271. The palmate venation presents us with a set of forms which 
are, in general, broader in proportion than the pinnate, having the 
breadth about equaling the length. Such a leaf may be rarely broadly 
ovate or broadly cordate^ terms which require no further explanation. 
Or it may be 

Reniform^ kidney-shaped, having a flowing outline broader than long, 
concave at base ; or 

Peltate^ shield-form, the petiole not inserted at the margin but in the 
midst of the lower surface of the blade. This singular form .evidently 
results from the blending of the base lobes of a deeply cordate leaf, as 
seen in hydrocotyle. It may be orbicular,- oval, etc. 
. 272. Palmate forms. The following result from deficiency of tis- 
sue, causing deep divisions between the veins. Leaves thus dissected 
are said to be palmately-lobed when either the segments or the sinuses 
are somewhat rounded and continuous. The number of lobes is de- 
noted by such terms as bilobate, trilobate^ Jive-lobedy etc. 
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Palmate-veined leaves. 147, Menispermum Canadense. 14S, Passiflora cerulea. 149, Broas- 
sonetia papyrifera. 150, Oak geranium. 

Leaves are j^^^f^t^ly cleft and palmately parted^ according to the 
depth of the incisions as above described. But the most peculiar modi- 
fication is 

273. The pedate, like a bird's foot, 
having the lowest pair of veinlets enlarged, 
recurved, and bearing each several of the 
segments (148). 

274. The forms op the parallel- 
veined LEAVES are remarkable for their 
even, flowing outlines, diversified solely 
by the direction and curvature of the veins. 
When the veins are straight the most com- 
mon form is 

275. The linear, long and narrow, with 
parallel margins, like the leaves of the 
grasses — a form which may also occur in 
the pinnate-veined leaf, when the veinlets 
are all equally shortened. The ensiform, 
or sword-shaped, is also linear, but has its 
edges vertical, that is, directed upward and 
downward. 

276. If the veins curve, we may have 
the lanceolate^ elliptical, or even orbicular 
forms ; and if the lower curve downward? 
the cordate, sagittate, etc., all of which are 
shown in the cuts. 

The palmate or radiate form is finely illustrated 
in the palmetto and other palms, whose large, 
fan-shaped leaves are appropriately termed flabd- 
liform (fan-shaped). 

277. The leaves of the pine and the fir tribe (Coniferse) gen- 
erally are parallel-veined also, and remarkable for their contracted 




151, Ensiform leaves of iris. 
152, Aceroso leaves of plnns. 158, 
Subulate leaves of Juniperus com- 
munis. 
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forms, in which there is no distinction of petiole or blade. Such are the 
acerose (needle-shaped) leaves of the pine, the subulate (awl-shaped) 
and scale-form leaves of the cedars, etc. 

MARGIN. 

The following terms apply to the various modifications of the margin, as such, 
not afifecting the general outline of the leaf. 

a b c d e f g h k I 




1&4. Diagram of leaf-margins, a, entire; &, undulate; o, repand ; d, spinous; e, crciiuio ; 
/, dentate ; g^ serrate ; A, laciniate ; k^ incised ; ^ erose. 

278. Entire, even edged, having the tissue completely filled out. 
Sometimes a vein runs along the margin, which might otherwise be 
easily torn, as in the Caladium. But when the marginal tissue is de- 
ficient, the leaf becomes 

279. Dentate, having sharp teeth pointing outward from the centre; 
serrate^ with sharp teeth pointing forwards, like the teeth of a saw ; 
crenate, with rounded or blunt teeth. The terms denticulate, serrulate^ 
crenulate, denote finer indentations of the several kinds ; doubly den- 
tatCf (fee, denote that the teeth are themselves toothed. 

280. The undulate, or wavy edge is somewhat diflferent from the 
repand, which bends like the margin of an umbrella. If the veins pro- 
ject, and are tipped with spines, the leaf becomes spinous. 

281. Irregularly divided margins are said to be erose or jagged, 
laciniate or torn, incised or cut. 

282. Crisped. Often, instead of a deficiency there is a superabun- 
dance of marginal tissue, denoted by the teim crispate or crisped. 

APEX. 

a h ode f h k 





155, Apex of leaves, a, ob<!brdate ; &, emarginate ; c, retnse ; <f, truncate ; «, obtuse ;/, acnte ; 
g^ mncronate ; A, cuspidate ; A*, acuminate. 

156. Bases of If aves. /, liast:.tf ; iv, i>, ^^.£rgittftte ; o, anriculntc ; p, cordate ; g, rcniform. 
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283. Pointed leaves. In regard to the termination of a leaf at its 
apex, it may be acuminate^ ending with a long, tapering point ; cuspi- 
date^ abruptly contracted to a sharp, slender point ; mucronate, tipped 
with a spiny point ; acute, simply ending with an angle ; obtuse, rounded 
at the point. 

284. Pointless leaves. Or the leaf may end without a point, 
being truncate, as if cut square off ; retuse, with a rounded end slightly 
depressed where the point should be ; emarginate, having a small notch 
at the end ; ohcordate, inversely heart-shaped, having a deep indentation 
at the end. 

OF THE COMPOUND LEAF. 

285. Theory. If we conceive of a simple leaf becoming a comr 
pound one, on the principle of " deficiency of tissue between the veins," 
it will be evident that the same forms of venation are represented by 
the branching petioles of the latter as by the veins of the former. 
The number and arrangement of the parts will therefore in like man- 
ner correspond with the mode of venation. 

286. Leaflets. The divisions of a compound leaf are called leaflets, 
and the same distinction of outline, margin, &c., occur in them as in 
simple leaves. The petiolules of the leaflets may or may not be articu- 
lated to the main petiole, or rackis, as it is called. 




157 161 159 160 158 

Oomponnd leaves. 157, TrifoUum repens. 158, Desmodinm rotundifolium. 160, Olotidinm. 
161, Cassia. 159, Agrimonia. 

287. Pinnately compound. From the pinnate-veined arrangement 
we may have the pinnate leaf, where the petiole (mid vein) bears a row 
of leaflets on each side, either sessile or petiolulate, generally equal in 
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dumber and opposite. It is unequally pinnate when the rachis bears 
an odd terminal leaflet, and equally pinnate when there is no terminal 
leaflet, and interruptedly pinnate when the leaflets are alternately large 
and small (169, etc). 

288. The number of leaflets in the pinnate leaf varies from 
thirty pairs and upwards (as in some acacias), down to three^ when the 
leaf is said to be temate or trifoliate; or two, becoming binate, or 
finally even to one leaflet in the lemon. Such a leaf is theoretically 
compound, on account of the leaflet (blade) being articulated to the 
petiole. 

168 




162 
CompouDd leaves. 



165 
163, Erigenia bulbosa. 



164 



162, Clematis. 163, Erigenia bulbosa. 164, Acacia. 165, Honey -locust 

289. A bipinnate leaf (twice pinnate) is formed when the rachis 
bears pinnce or secondary pinnate leaves, instead of leaflets, and tripin- 
nate (thrice pinnate), when pinnae take the places of the leaflets of a 
bipinnate leaf. When the division is still more complicated the leaf is 
decompound, 

290. Transition leaves. Different degrees of division often exist in different 
parts of the same lea^ illustrating the gradual transition of leaves from simple to 

169 166 168 167 




167, Lemon, 163, Jeffersonia. 169, Potentilla anserina. 166, P. tridentata. 
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compound in all stages. The leaves of the honey-locust and coffee tree (Gymno- 
cladus) often afford curious and instructive examples. 

291. A BiTERNATE LEAF is formed when the leaflets of a ternate leaf 
give place themselves to ternate leaves, and tritemate when the leaflets 
of a biternate leaf again give place to ternate leaves. 

292. Palmately compound. A distinction. The palmate vena- 
tion has also its peculiar forms of compound leaves, as ternate, quinate, 
septinate, etc., according to the number of leaflets which arise together 
from the summit of the petiole. Ternate leaves of this venation are to 
be carefully distinguished from those of the pinnate plan. The paL 
mately ternate leaf consists of three leaflets, which are either all sessile 
or stalked alike ; the pinnately ternate has the terminal leaflet raised 
above the other two on the prolonged rachis (15*7, 158). 

172 171 170 




Insertion of leaves. 170, Astor oblongifolias ? (amplexicani). 171, Uvnlarla perfoliata. 
172, Lonicera sempervirens, (connate). 

With regard to the insertion the leaf is said to be 

293. Amplexicaul, when its base lobes adhere to and clasp the stem. 
Should these lobes extend quite around the stem and become blended 
together, on the other side a perfoliate leaf will be formed {per, through, 
folium, leaf), the stem seeming to pass through the leaves. 

294. Connate denotes that the bases of two opposite leaves are 
united so as to form one piece of the two. 

OF TEXTURE AND SURFACE. 
In descriptive botany it is also needful to regard the variations of leaves in the 
above respects. The terms which we briefly notice below are equally applicable to 
any other organs. 
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295. In texture leaves may be membranous^ or coriaceous (leathery), 
or succulent (fleshy), or searious (dry), rugous (wrinkled), &c., which 
terms need only to be mentioned. 

296. In the quality of surface, the leaf may be glabrous (smooth), 
destitute of all hairs, bristles, <fec., or scabrous (rough), with minute, 
hard pbints, hardly visible. 

297. A DENSE COAT OF HAIRS wiU render the leaf pubescent when 
the hairs are soft and short ; villous when they are rather long and 
weak ; sericeous, or silky, when close and satin-like ; such a coat may 
also be lanuginous, woolly ; tomentous, matted like felt ; or Jloccose, in 
soft, fleecy tufts. 

298. Thinly scattered hairs render the surface hirsute when they 
are long ; pilous when short and soft ; hispid when short and stifi*. The 
surface will be 

299. Setous, when beset with bristly hairs called setae ; and spinous 
when beset with spines, as in the thistle and horse-nettle. Leaves may 
also be armed with stinging hairs which are sharp and tubular, con- 
taining a poisonous fluid, as in nettles and Jatropha stimulans. 

300. A PRUINOUS surface is covered with a bluish- white waxy pow- 
der, called bloom, as in the cabbage, and a punctate leaf is dotted with 
colored points or pellucid glands. 

301. Double terms. The modifications of leaves are almost endless. Many 
other terms are defined in the glossary, yet it will be found often necessary in the 
exact description of a plant to combine two or more of the terms defined in order 
to express some intermediate figure or quality ; thus ovate-lanceolatej signifying a 
form between ovate and lanceolate, etc. 

302. Sub. The Latin preposition stib (under) prefixed to a descriptive term de- 
notes the quality which the term expresses, in a lower degree, as subsessiU, nearly 
sessile, subserraie, somewhat serrate. 



CHAPTER VIII. 

TRANSFORMATIONS OF THE LEAF. 

Hitherto we have considered the leaf as foliage merely— constituted the fit organ 
of aeration by its large expansion of surface. This is indeed the chief, but not the 
only aspect in which it is to be viewed. 

303. The leaf is a typical form, that is, the type or idea from which 
the Divine Architect derived the form of every other appendage of the 
plant. To trace out this idea in all the disguises under which it lurks 
is one of the first aims of the botanist. Several of these forms of dis- 
guise have already been noticed, e, g. 
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304. The scales which clothe the various forms of scale-stems are 
leaves, or more usually petioles, reduced and distorted, perhaps by the 
straitened circumstances of their underground growth. The scales of 
corms and rhizomas are mostly mere membranes, while those of the bulb 
are fleshy, serving as depositories of food for the future use of the plant. 
That these scales are leaves is evident, 1st, from their position at the 
nodes of the stem, 2d, from their occasional development into true 
leaves. 

305. Bud scales. The brown scales which cover winter buds are of 
the same nature and origin. 

306. The cotyledons of seeds or seed-lobes are readily recognized 
as leaves, especially when they arise above ground in germination, and 
form the first pair upon the young plant, as in the beech-nut and squash 
seed. Their deformity is due to the starchy deposits with which they 
are crammed for the nourishment of the embryo when germinating, 
and also to the way in which they are packed in the seed. 

307. Phyllodia are certain leaf-forms, consisting of petioles exces- 
sively compressed, or expanded vertically into margins, while the true 
lamina is partly or entirely suppressed. Fine examples are seen in our 
greenhouse acacias from Australia. Their vertical or edgewise position 
readily distinguishes them from true leaves. 




178 174 175 176 1T7 

Ascldia. 178, Nepenthes. 174, Sarracenia pslttaclna. 175, S. purpurea. 176, S. Gronovi!, 0. 
Drummondii. 177, Acacia heterophylla, its phyllodia. 

308. AscmiA or pitchers, are surprising forms of leaves, expressly contrived, as 
if by art, for holding water. The pitchers of Sarracenia, whose several species are 
common in bogs North and South, are evidently formed by the blending of the in- 
volute margins of the broadly winged petioles, so as to form a complete vase. The 
broad expansion which appears at the top may be regarded as the lamina. These 
pitchers contain water, in which insects are drowned, being prevented from escap- 
ing by the deflexed hairs at the mouth. 
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309. Nepenthes. The greenhouse pitcher-plant is a native of the East Indies. 
Its proper leaves are sessile and lanceolate. The midvein extends beyond the apex 
like a tendril, to the length of six or eight inches. The extremity of this tendril is 
inflated into a hollow vessel, sunilar to a pitcher, and usually contains about half a 
pint of pure water. It is furnished with a leafy hd connected to it by a ligament 
which expands or contracts according to the state of the atmosphere, so that the 
cap is open in damp weather and closed in dry. 

310. DiscHiDiA. Another wonderful provision of this kind is observed m a plant 
growing in the forests of India, called Dischidia. It is a twining plant, ascending 
the tall trees to the distance of a hundred feet from its roots, and destitute of leaves 
except near its top. The pitchers seem formed of a leaf with its edges rolled in- 
ward and adherent, and its upper end or mouth is open to receive whatever moist- 
ure may descend into it. But the greatest marvel in its structure is that several 
bundles of absorbent fibres, resembling roots, are sent out from the nearest parts of 
the stem, enter the pitchers, and spread themselves through the cavity. 

311. Air bladders. Many weak-stemmed water plants are furnished 
with little sacks filled with air to buoy them up near to the surface. 
Such are the bladders of the common bladderwort, formed from the 
leaf lobes. In the horned-bladderwort the floats are made of the six 
upper inflated petioles lying upon the surface of the water like a wheel- 
shaped raft, and sustaining the flower upon its own elevated stalk. 

312. The leap op Venus' fly-trap (Dionea), native of Carolina, is also of curious 
design. At the end of the leaf are two 
lobes bordered with spines. In the 
cavity between the lobes are several 
sharp points projecting upwards, and a 
gland which secretes a liquor attractive 
to insects. But when an unlucky fly, 
in search of food, alights upon it, the 
irritable lobes instantly close and im- 
pale him in their fatal embrace. 

313. The Tendril is a thread- 
like coiling appendage furnished 
to certain weak-stemmed plants as 

their means of support in place. ns, Leaves of Venus' fly-trap (Dionea). 

Its first growth is straight, and it remains so until it reaches som\3 ob- 
ject, when it immediately coils itself about it, and thus aquires a firm, 
though elastic hold. This beautiful appendage is finely exemplified in 
the Cucurbitacese and grape, above cited ; also in many species of the 
pea tribe (Leguminosse), when it is appended to the leaves. It is not 
a new organ, but some old one transformed and adapted to a new pur- 
pose. In Gloriosa superba the midvein of the leaf is prolonged beyond 
the blade into a coiling tendril. In the pea, vetch, etc., the tendrils 
represent the attenuated leaf blades themselves. Again, the entire leaf 
sometimes becomes a tendril in Lathyrus, while the stipules act as 
leaves. 

5 
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314. The petiole of the leaf of Clematis, otherwise unchanged, 
coils like a tendril for the support of the vine. In the greenbriar, the 
stipules are changed to tendrils, which thus arise in pairs from the base 
of the petioles. So probably in the gourd tribe. 

315. But the tendrils op the grape-vine are of a different nature. From 
their position opposite the leaves, and the tubercles occasionally seen upon them, 
representing flower buds, they are inferred to bo abortive, or transformed flower- 
stalks. 




179 180 181 182 

Thorns. 179, Cratcegus parvifolia (thorns axillary.) ISO, Honey-locust. 181, Common locust. 
182. Berberis, a, o, its thorns. 
/ 

316. Spines. Many plants are armed, as if for self-defense, with 
hard, sharp-pointed, w^oody processes, called spines or thorns. Those 
which are properly called spines originate from leaves. In Berberis 
the spines are evidently transformed leaves, as the same plant exhibits 
leaves in every stage of the metamorphosis. In goat's- thorn (Astraga- 
lus tragacanthus) of S. Europe, the petioles change to spines after the 
leaflets fall ofl*. In the locust (Robinia), there is a pair of spines at the 
base of the petiole, in place of stipules. 

317.' Thorns originate from axillary buds, and are abortive branches. This is 
evident from their position in the hawthorn and Osage orange. The ai)ple and pear 
tree in their wild state produce thorns, but by cultivation become thomless, 
that is, the axillary buds, through better tillage, develop branches instead of thorns. 
The terrible branching thorns of the honey-locust originate just above the axil, from 
accessory buds. 

318. Prickles differ from either spines or thorns, growing from the epidermis 
upon stems or leaves, at no determinate point, and consisting of hardened cellular 
tissue, as in the rose, bramble. 

319. Bracts. By a more gentle transformation, loaves pass into 
bracts, which are those smaller, reduced leaf-forms situated near and 
among the flowers. So gradual is the transition from leaves to bracts 
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in the peony, e, ^., that no absolute limits can be assigned. Equally 
gradual is the transition from bracts to sepals of the flower — aflfording 
a beautiful illustration of the doctrine of metamorphosis. (374.) 
Bracts will be further considered under the head of Inflorescence. 




184 183 

Bracts 1S3, Pinckneya pubens ; &, colored bracts (reduced leaves). 184, Zornla tetraphylla ; &, 
bracts (enlarged stipules). 



CHAPTEK IX. 

INFLORESCENCE. 

3*20. The functions op plant-life are two- fold, namely, vegetation and re- 
production ; the former looking to the preservation of the individual plant itself, 
the latter to the species. Corresponding with this view, there are also two classes 
of organs. Having considered the former class, that is, the organs of vegetation, we 
come now to the organs of reproduction, including the flower^ the fruitj and the 
seed. 

321. Inflorescence is a term denoting the arrangement of the 
flowers, and their position upon the plant. 

322. Origin of flower buds. All the buds of a plant are supposed 
to be originally of one and the same nature, looking to the production 
of vegetative organs only. But at a certain period, a portion of the 
buds of the living plant, by an unerring instinct little understood, are 
converted from their ordinary intention into flower buds. 

323. Proof of this theory. That this is the origin of the flower bud is evident 
from the known effects of cultivation, causing it to revert partly or wholly to its 
former intention, as in the green roscj when the petals, &c., all return to leaves ; in 
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the proliferous rose when the axis grows on through the flower bearing leaves above 
it. In some instances the skillful gardener learns how to effect this interchange of 
nature in the buds at pleasure. 

324. Hence in position and arrangement flower buds can not 
differ from leaf buds, and both are settled by the same unerring law 
which determines the arrangement of the leaves. Accordingly the 
flower bud is always found either terminal or axillary, 

325. A single bud, whether terminal or axillary, may develop either 
a compound infiorescence^ consisting of several flowers with their stalks 
and bracts, or a solitary inflorescence^ consisting of a single flower. 

326. The flower-bud is incapable of extension. "While the leaf- 
bud may unfold leaf after leaf and node after node to an indefinite ex- 
tent, the flower-bud blooms, dies, and arrests for ever the extension of 
the axil which bore it. 

327. The peduncle is the flower-stalk. It bears no leaves, or at 
least only such as are reduced in size and changed in form, called bracts. 
If the peduncle is wanting the flower is said to be sessile. 

328. The simple peduncle bears a single flower ; but if the pedun- 
cle be divided into branches, it bears several flowers, and the final divis- 
ions bearing each a single flower, are called pedicels. . 

329. The scape is a flower-stalk which springs from a subterranean 
stem, in such plants as are called stemless or aculescent, as the prim- 
rose, tulip, blood-root. Like the peduncle it is leafless or with bracts 
only, and may be either simple or branched. 

330. The rachis (po^^r, spine) is the axis of the inflorescence, or 
the main stem of the compound peduncle along which the pedicels are 
arranged. 

331. The torus or receptacle is the end or summit of the flower- 
stalk. 

18T 186 186 




Anomalous peduncles. 185, LinJen-tree. 186, ButcherVbroom. 187, Xylophylla. 188, Coxcomb. 
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332. The peduncle ig subject to endless modifications. We find it sometimes 
excessively lengthened, again very short or wholly wanting ; very slender or very 
thick. In coxcomb its branches are blended into a thick, fan-shaped mass; in 
butcher's-broom it expands into the form of a green leaf, and in the linden-tree into 
a seal-like bract. In Xylophylla it is foliaceous, bearing flowers along its margins. 

333. Bracts. The branches of the inflorescence arise from the 
axils of reduced leaves, called bracts. These leaves, still smaller, grow- 
ing upon the pedicels, are called hracteoles, 

334. The bracts are usually simple in outline and smaller than the 
leaf, often gradually diminishing to mere points, as in Aster, or even 
totally suppressed, as in the Cruciferse. 

335. In color they are usually green, often colored, sometimes bril- 
liantly, as in painted-cup. Sometimes they are scale-like, and again 
they are evanescent membranes. 

336. The spatiie is a large bract formed in some of the monocotyle- 
dons, enveloping the inflorescence, and often colored as in the Arum, 
Call a, or membranous as in the onion and daffodil. Bracts also con- 
stitute an 




191 190 189 

Bracts (6, 6, h,). 189, Cornus Canadensis, with an involucre of 4 colored bracts. 190, Hepatica 
triloba, with an involucre of 8 green bracts. 191, Calla palustris, with a colored spathe of one 
bract 

337. Involucre when they are collected into a whorl or spiral 
group. In the Phlox, Dodecatheon, and generally, the involucre is 
green, but sometimes colored and petaloid, as in dogwood and Euphor- 
bia. Situated at the base of a compound umbel, it is called a general 
involucre, at the base of a partial umbel it is a partial invoUicre or iw- 
volucelj both of which are seen in the umbelliferae. 

338. In the compositje, where the flowers are crowded upon a com- 
mon torus, forming what is called a compound floioer^ an involucre com- 
posed of many imbricated scales (bracts) surrounds them as a calyx 
surrounds a simple flower. The chaff also upon the torus are bracts 
to which each floret is axillary. 
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192, Ilelianthus jrrosse-serratus. I, involucre ; r, rays, or ligulate flowers ; 198, one of the 
disk flowers with its chaflF-scale (bract). 194, Acorn of moss-cup oalc (Q. macrophylla). 195, 
Poa pratensis ; f, spikelet entire, g, glumes, separated ; c, a flower separated, displaying the two 
paleffi, 8 stamens, and 2 styles. 

339. In the grasses the bracts subsist under the general name of 
chaff. The bracts situated at the base of a spikelet of flowers, are 
called the glumes, corresponding to the involucre. Those situated at 
the base of each separate flower are palece, answering to the calyx or 
corolla. The pieces of which each cali/x is composed (generally two) 
are called valves or pales. 

340. Other examples of the involucre are seen in the cup of the 
acorn, the burr of the chestnut, beech, etc. 

341. The forms of inflorescence are exceedingly various, but may 
all be referred to two classes, as already indicated ; the axillary, in 
which all the flowers arise from axillary buds, the terminal^ in which all 
the flower-buds are terminal. 

342. Axillary inflorescence is called indefinitey because the axis, 
being terminated by a leaf-bud, continues to grow on indefinitely, de- 
veloping bracts with their axillary flowers as it grows. It is also called 
centripetal, because in the order of time the blossoming commences 
with the circumference, and proceeds towards the centre in case of a 
level topped cluster, as the hawthorn, or with the base, and proceeds 
towards the summit in case of the lengthened cluster, as the mustard. 

The student will readily perceive that the circumference of a depressed 
(flattened) inflorescence corresponds to the base of a lengthened one ; 
and also that the centre of the former answers to the summit of the 
latter. For when the axis or rachis is lengthened, it is the centre which 
bears it along with it at its apex, leaving the circumference at the base. 

343. Terminal inflorescence, on the other hand, is definite, im- 
plying that the growth of the axis as well as of each branch is definitely 
arrested and cut short by a flower. It is also centrifugal, because the 
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blossoming commences with the central flower and proceeds in order 
to the circumference, as in the sweet-william, elder, hydrangea. 

In this kind of inflorescence all the flowers are considered terminal because they 
do in fact (except the first which terminates the axis) terminate lateral branches 
successively produced on a definite plan at the node next below the primary flower. 

344. Both kinds op inflorescence are occasionally combined in the same 
plant, where the general system may be distinguished from the partial clusters 
which compose it. Thus in the Compositae, while the florets of each head open 
centripetally, the general inflorescence is centrifugal, that is, the terminal head is 
developed before the lateral ones. But in the Labiatae the partial clusters (verticil- 
asters) open centrifugally while the general inflorescence is indefinite, proceeding 
from the base upwards. 

345. Of centripetal or axillary inflorescence the principal 
varieties are the spike, spadix, catkin, raceme, corymb, umbel, pani- 
cle, thyrse, head. 

346. The spike is a long rachis with sessile flowers either scattered, 
clustered, or crowded upon it, as plantain, mullein, vervain. The so- 
called spikes of the grasses, as wheat, timothy, are in fact compound 
spikes, bearing little spikes or spikelets in place of single flowers. 

347. The spadix is a thick, fleshy rachis with flowers closely sessile 
or imbedded on it, and usually with a spathe, as in the Arum, or with- 
out it, as in the Typha. 




200, Spiranthes cernua; flowers in a twisted spike. 201, Orontium aqnaticum ; flowers on a 
naked spadix. 202, Betala lenta ; flowers in aments. 

348. The catkin or amentum is a slender, pendant rachis with scaly 
bracts subtending the naked, sessile flowers, and usually caducous, as in 
birch, beech, oak, willow. 

349. The raceme is a rachis bearing its flowers on distinct, simple 
pedicels. It may be erect, as in hyacinth, Pyrola, or pendulous, as in 
currant, blackberry. 
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350. The corymb differs from the raceme in having the lower pedi- 
cels lengthened so as to elevate all the flowers to about the same level, 
as in the wild thorn. 




207 205 204 206 203 

203, Andromeda racemosa ; flowers in a secund raccmo. 204, Verbascum Blattaria; raceme. 
206, Lolium perenne ; a compound spike or a spike of spikelets. 206, Dipsacus sylvestris ; head 
with an involucre of leaves. 207, Osmorhiza longistylis ; a compound umbel. 20S, Its fruit. 

351. An umbkl consists of several pedicels of about equal length 
radiating from the same point, the top of the common peduncle, as 
milk-weed, ginseng, onion. When the pedicels of an umbel become 

209 210 




209, Staphylea trlfolia ; a pendulous, paniculate cyme. 210, Catalpa ; a panicle. 
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themselves umbels, as in caraway and most of the Umbeliferae, a com- 
pound umbel is produced. Such secondary umbels are called umhellets 
and the primary pedicels, rays. 

352. The panicle is a compound inflorescence formed by the irregu- 
lar branching of the pedicels of the raceme, as in oats, spear-grass, 
Catalpa. . 

353. A THYRSE is a sort of compact, oblong, or pyramidal panicle, as 
in lilac, grape. 

, 354. A HEAD OR CAPITULUM is a sort of reduced umbel, having the 
flowers all sessile upon the top of the peduncle, as in the button snake- 
root, button-bush, clover. 

But the more common examples of 
the capitulum are seen in the Compos- 
itse, where the summit of the peduncle, 
that is, the receptacle, is dilated, bear- 
ing the sessile flowers above, and scale- 
like bracts around, as an involucre. 

355. The capitulum of the 
Composite is often called a com- 
pound flower from its resem- 
blance, the involucre answering 
to a calyx, the rays to the corolla. 
The flowers are called florets^ 
those of the outer circle, florets 
of the ray, generally differing 
in form from those of the cen- 
tral portions, the florets of the 
disk, 

356. Of terminal inflores- 
cence the following varieties 
are described: cyme, fascicle 
(verticilaster), glomeruli. 

218 




Yernonia fasciculata; flowers in a discoid 
head with an imbricated involucre. 211, A 
single flower remaining on the receptacle. 212, 
A fruit crowned with the pappus. 213, Mulgo- 
dium ; a head. 214, A single flower remaining 
on the receptacle. 215, A fruit with pt4)pus. 




217 




Diagrams ; 216 of a cyme ; flowers numbered in the order of their development 217, Cyme fiks- 
tigiate. 213, Cyme half developed— a scorpoid raceme. 

357. Cyme is a general term denoting any inflorescence with centri- 
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fagal evolutions, but is properly applied to that level-topped or fastigiate 
form which resembles the corymb, as in the elder. If it is loosely 
spreading, not fastigiate, it is called a cymose panicle^ as in the chick- 
weed, spergula, etc. If it be rounded, as in the snowball, it is a glohous 
cyme, 

219 




220, Myosotis palustris; scorpoid racemes. 219, Stellaria media ; a regular cyme. 

358. A SCORPOID CYME, as seen in the sundew, Sedum, and borrage 
family, is a kind of coiled raceme, unrolling as it blossoms. It is un- 
derstood to be a half-developed cyme, as illustrated in the cut. 

359. The peculiar evolution op the 
CYME is well illustrated in the chick-weed 
(Alsine media). The first opening flower 
terminates the axis and stops its growth. 
Then from the pair of axils next below issue 
two opposite branches, each bearing a pair 
of leaves and a terminal floWer. Next, the 
same process is repeated with each of theso 
two branches, and so on indefinitely. Thus 
the stem becomes repeatedly forked, each 
fork having an older flower in its angle. 

360. Evolution of the scorpoid ra- 
ceme. But let only one branch bo developed 
at the node next below the flower, and that 
always on the same side, and we have a 
scorpoid raceme or cymo. Other irregulari- 
ties occasioned by partial development may 
also variously disguise the cyme. 

361. Fascicle. This is a modifi- 
cation of the^cyme, with crowded and 

nearly sessile flowers, as in sweet-william (Dianthus). 

362. Glomerule, an axillary tufted cluster, with a centrifugal evolu' 
tion, frequent in the Labiatae, etc. When they occur in the axils of 




221, Bpigelia Marilandica ; a scorpoid 
raceme. 
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opposite leaves and meet around the stem, each pair constitutes a ver- 
ticilaster or verticil, as in catmint, hoarhound. 

363. How THESE MODES ARE MUTUALLY RELATED. All the fonns of inflorescence 
above described may, after all, be shown to be but modifications of a single type, 
as follows : 

Let us commence with the spike, a slender rachis with sessile flowers. Conceive 

that pedicels be developed for the flowers, — a raceme ; let the pedicels branch, — ' 

228 227 226 225 234 223 222 221 




Diagrams illustrating the forms of inflorescence ; graduated from the spike to the compound 
umbel, showing how related to each other. 

a panicle ; or lot them all be lengthened to the height of the rachis, — a corymb. 
Now suppress the rachis to a point, makmg all the pedicels equal, — an umbel. 
Once more, suppress all the pedicels, — a head. Now, if in each case we suppose 
the evolutions of the flowers to be reversed, we have a cymose inflorescence. Fi- 
nally, by a metamorphosis still more remarkable, 

The entire inflorescence is sometimes transformed into attenuated 
tendrils, as in the grape. 

FLOWERING. 

364. Definition. In the bud the floral leaves (sepals and petals) 
infold the floral organs (stamens and pistils) and conceal them from 
view. Flowering consists of the opening or expansion of these envel- 
ops, displaying every organ now perfected in growth and beauty, and 
ready for the exercise of its function. 

365. Period op flowering. Each species of plant has its own 
special season for flowering, uniform in the same climate, but varying 
ii> diflferent climates according to the general temperature. Hence each 
month and each day of the month mark the date of flowering for some 
one or more species, and these facts, when duly observed and recorded 
in their proper order, constitute the floral calender for that locality. 

366. The floral calendar is an index of climate, and may vary 
to a considerable degree in different years for the same locality or for 
different localities in the same year. Such a calendar is prepared by 
the botanical student when he carefully journalizes his discoveries from 
day to day throughout the season. 
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367. Examples. At Savannah the red maple, shad-bush, blood-root, flower in 
February ; in the District of Columbia in March ; at Concord, N. H., in April In 
New England the witch-hazel flowers in February ; Hepatica in April ; dogwood in 
May ; elder in June ; lUies in July ; boneset in August ; asters and Sohdagos in 
September and October ; and chrysanthemum in November. 

368. The floral clock. Each plant has also its definite hours in the day for 
opening its flowers and for closing them — ^for waking and sleeping ; and a carefiil 
record of these facts (as once made by Linnaeus) may seem to indicate the hour of 
the day. Thus, 

The morning glory opens at (about) 2 a. m., and closes about 10 A. M. 

Rutland beauty » " 3 " " " 11 

Vegetable oyster " "4 " " " 12 

Poppy " 

Bitter-sweet " 

Water-lily " 

Scarlet pimpernel " 

Calendula arvensia " 

Arenaria rubra " 

Ornithogalum umbellatum " 

Passiflora ccerulea " 

Pyrethrum " 

Marvel of Peru " 

Silene noctiflora " 

Evening primrose *• 

Lychnis vespertina " 

Cereus grandiflora " 

369. The colors op flowers constitute one of their chief attrac- 
tions, and are of special interest to the florist. By various modes of 
culture he may often change at will those colors, thus producing nu- 
merous varieties, as in the tulip and dahlia. But in scientific descrip- 
tions the colors are seldom employed as characteristics on account of 
their variableness. 

3*70. Classification of colors. De Candolle divides the colors 
of flowers into two series ; 1, those having yellow for their type and 
capable of varying to red and white, but never to blue ; 2, those having 
blue for their type, and capable of varying to red and white, but not to 
yellow. The first series is called Xanthic, the second, the Cyanic. 
Both series commence with green (which is composed of blue and yel- 
low) and end in red, thus : 

Green. 
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Blue-green. 

Blue. 

Blue-violet. 

Violet. 

Violet-red. 



Red. 



Yellow-green. 

Yellow. 

Yellow-orange. 

Orange. 

Orange-red. 
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371. Examples. The tulip was originally yellow. All its numerous varieties 
are of the xanthic series. So also the rose and Dahlia. Florists have never yet ob- 
tained a blue tulip, rose, or dahlia. The geranium varies throughout the cyanic 
series, and a yellow geranium is unknown. Different species of the same genus 
may belong to different series, so also different parts of the sajne flower. 



CHAPTER X. 

MORPHOLOGY OF THE FLOWER. 



3T2. The flower as the standard op beauty. So it has ever been regarded. 
Through this attribute, so evidently divine in its origin, it breathes on the heart an 
influence which is essentially spiritual, always pleasing, elevating, and pure. The 
benevolent Thought which first conceived of this crowning glory of the vegetable 
world had evidently in view the education of man's moral nature as well as iJie 
reproduction and permanence of vegetable nature, 

373. The flower in" the light op science. The pleasure of the florist in 
contemplating the flower as merely an object of taste is not diminished when he 
comes to view it in the Hght of science. Parts which he before regarded as embel- 
lishments only, now assume new value as indispensable agents in fulfilling a great 
design ; every organ takes form according to the sphere of its office, and the beau- 
M flower no longer appears as the possible accident of a chance- world. 

374. Its nature and origin. We liave before observed that the 
flower-bud is, ia nature and origin, one and the same with the loaf-bud. 
Now a leaf-bud is regularly unfolded into a leafy branch. A flower- 
bud is unfolded into a flower. Hence the flower, in its nature and 
origin, is one and the same with a leafy branch. 

375. Theoretical view. When, therefore, this new necessity arises in the life 
of a plant, viz., the perpetuation of its species, no new principle or organ is evoked, 
but the leaf, that same protean form which we have already detected in shapes so 
numerous and diverse, the leap, is yet once more in nature's hand molded into a 
series of forms of superior elegance, touched with colors more brilliant, and adapted 
to a higher sphere as the organs of reproduction. 

376. The evidence on which this theory rests may be referred to two 
sources ; namely, natural and artificial development. We mention a few instances 
of each kind, earnestly recommending the student to study for himself the many 
facts which will fall under his own observation bearing upon this deeply interesting 
theory. 

377. Case op the poppy. The ordinary complete flower, e, g., the poppy, con- 
sists of four kinds or sets of organs, viz., the sepals (outside), petals next, stamens 
and pistils, and each kind is quite different and distinct fix)m the others. The meta- 
morphosis of the lea^ first into the sepal then the petal, etc., is so abrupt that it 
sfeems to lose its identity at once. But there are some 

378. Cases in the natural development op plants where the transition of 
the leaf is gradual, changing insensibly, first to bracts then to sepals, thus appar 
rently making the metamorphosis in question visible before our eyes. Such cases 
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240 239 233 287 236 235 231 283 282 281 




280 229 

229, Papaver (poppy) ; «, stamens ; p, stigmas. 280, Sepal. 231, PeUl— all very different 232 
Petals of the water-Illy (Nymphsea) gradually passing into (240) stamens. 

are exactly in point The leaves of the paeony, large and much divided below, 
become smaller and more simple above, gradually passing into bracts and thence 
into sepals. In Calycanthus the sepal passes into the petal by gradations so gentle 
that we can hot mark the limit between them. In the lilies these two organs are 
almost identical. In the water-lily, where the sepal, petal, and stamen are all thus 
graduated, the transition from petal to stamen is particularly instructive. These 
two forms meet half way by a perfect series of gradations, when a narrowed petal 
is capped slightly with the semblance of an anther. And finally, cases of a close 
resemblance between stamen, and pistil, so unUke in the poppy, are not wanting, as 
in the tulip-tree. 

379. Flowers always regular in the early bud. An early examination of 
flower-buds often exhibits the several kinds of organs much less diverse than they 
subsequently become. See the early bud of columbine. Those flowers which are 

242 241 





241, Ranunculus acris; a single flower. 242, R. acris, p. plena, a double flower, 
impressa ; the flowers changing to leafy branches (Llndley). 



243, Epaciis 
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called irregvlar^ as the pea, catmint, violet, are regular, like other flowers, in the 
early bud ; that is, the several petals are at first seen to be precisely similar, becom- 
ing dissimilar and distorted in their after growth ; so in the stamens and other or- 
gans. 

380. Cases in artificial development or TERATOLoaT (rt/oa, a monstrosity, 
l6yog\ where organs of one kind are converted into those of another kind by cul- 
tivation, afford imdeniable evidence of the doctrine in question — the homology of 
all the floral organs with the leaf. Such cases are frequent in the garden, and how- 
ever much admired, they are Tnonstrous^ because unnatural In all double flowers, 
as rose, pseony, Camillia, the stamens have been reconverted into petals, either 
wholly or partially, some yet remaining in every conceivable stage of the transition. 
In the double butter-cup (242) the pistils as well as stamens revert to petals, and in 
the garden cherry, flowering almond, a pair of green leaves occupy the place of the 
pistils. By stDl further changes all parts of the flower manifest their foliage aflfini- 
tics, and the entire flower-bud, after having given clear indications of its floral char- 
acter, is at last developed into a leafy branch. (Fi?. 243.) 

381. In Clakoa, Celastrus, damask rose, and other garden plants, cases have 
been noted wherein the petal asserts its foliar nature by producmg a secondary 
flower-bud in its axil I Thus in a thousand instances of abnormal growth, we find 
evidence proving the leaf to be the type whence all other forms of appendages are 
derived, and whither all tend to return. 

38^. Further evidence of this view, equally conclusive, is found in the essen- 
tial agreement of the aestivation of the flower-bud with the phyllotaxy of the branch. 

ESTIVATION. 

383. Definition — importance. This term (from cestivus^ of sum- 
mer) refers to the arrangement of the floral envelops while yet in the 
bud. It is an important subject, since in general the same mode of 
aestivation regularly characterizes whole tribes or orders. It is to the 
flower-bud what vernation (vernus, spring) is to the leaf-bud. 

384. The various modes op iESTrvAxiON are best observed in sections of the 
bud made by cutting it through horizontally when just ready to open. Prom such 
sections our diagrams are copied. 

385. Separately considered, we find each organ here folded in 
ways similar to those of the leaf-bud ; that is, the sepal or the petal 
may be convolute^ involute, revolute^ etc, terms already defined. 

386. Collectively considered, the aestivation of the flower occurs 
in four general modes with their variations ; the valvate, the contorted, 
imbricate, and plicate. 

387. In valvate estivation the pieces meet by their margins with- 
out any overlapping; as in the sepals of the mallow, petals of Hydran- 
gea, valves of a capsule. The following varieties of the valvate occur : 

388. Induplicate, where each piece is involute ; i. c., has its two 
margins bent or rolled inwards, as in Clematis ; or reduplicate, when 
each piece is revolute — having its margins bent or rolled outwards, as 
in the sepals of Althea rosea. (Figs. 245, 246.) 



Digiti 



zed by Google 



80 



^ESTIVATION. 




245 



246 



244 
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261 



250 



244-251, Modes of astlvation. 250, Petals of the wall-flower. 

389. Contorted -estivation, where each piece overlaps its neigh- 
bor, all in the same direction, appearing as if twisted together, as in 
Phlox, flax, oleander. (247, 252.) 

390. Imbricated estivation (imbrex, a tile) is a term restricted to 
those modes in which one or more of the petals or sepals is wholly 
outside, overlapping two others by both its margins. This kind of 
aestivation naturally results from the spiral arrangements so common in 
phyllotaxy, while the valvate and contorted seem identified with the 

opposite or whorled arrange- 
ment. The principal varieties 
are 

391. The quincuntial, 
consisting of five leaves, two 
of which are wholly without, 
two wholly within, and one 
partly both, or one margin out, 
the other in, as in the rose 
family (248). This accompa- 
nies the two-thirds plan in 
phyllotaxy, and corresponds 
precisely with it, each quin- 
cunx being in fact a cycle 
with its internodes suppress- 
ed. (§ 232.) 

392. The triquetrous, 
consisting of three leaves in 
each set, one of which is out- 
side, one inside, and the third 

partly both, as in tulip, Erythronium, according to the one-third plan 
in phyllotaxy. 




252, Gossypiam herbacenm, the cotton plant. Petals 
contorted. 
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393. Convolute, when each leaf wholly involves all that are within 
it, as do the petals of Magnolia ; and vexillaryy when one piece larger 
than tbe rest is folded over them, as in the pea (251). 

394. Plicate or folded aestivation occurs in tubular or monopetalous 
flowers, and has many varieties, of which the most remarkable is the 
supervolute, where the projecting folds all turn obliquely in the same 
direction, as in morning-glory, thorn-apple (Datura). 




Diagrams of flowers (as seen by cross-sections). 258, Jeffersonia diphylla : o, ovary ; «, sta- 
mens ; <7, inner row of petals, fiBStivation triquetrous; &, outer row of petals, {estivation contorted ; 
c, sepals, aestivation quincuntial. 254, Lily. 255, Strawberry. 256, Mustard. The pupil will 
designate the modes of cestlvation. 

The aestivation of the sepals often differs from that of the petals in the same 
flower. Thus, in the pink the sepals are imbricated and the petals contorted. 

395. The position on the parts op the flowee, with respect to the main 
axis and the bract whence it arises, is often important in description. That part 
which is adjacent to the axis is the posterior or upper, while that which looks to- 
ward the bract Is the anterior or lower part. 



THE FLORAL ORGANS. 

396. Technical definition of the flower. The flower is an as- 
semblage of leaves more delicately and variously formed, borne at the 
upper nodes of the axis where the internodes are undeveloped. This 
portion of the axis is called 

397. The receptacle or torus. It is the axis of the flower situ- 
ated at the summit of the flower-stalk. Its form above is commonly 
that of a flattened or somewhat conical disk, the center of which cor- 
responds with the apex of the axis. 

398. The flower may consist of the following members : 1, the 
Jloral envelops ; 2, the essential floral organs, 

399. The floral envelops consist of one or more circles or whorls 
of leaves surrounding the essential organs. The outer of these whorls 
is called the calyx and the other, if there be any, the corolla. The 
calyx may, therefctre, exist without the corolla, but the corolla can not 
exist without 

400. The calyx. This is a Greek word signifying a cup. It is ap- 
plied to the external envelop of the flower, consisting of a whorl of 
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257, Flower of the strawberry. 25S, Flower of the pink. 259, Flower of the lily (Lilium su- 
perbuin). The pupil will point out the parts. 

leaves with their edges distinct or united, usually green, but sometimes 
highly colored. The calyx leaves are called sepals, 

401. Corolla is a Latin word signifying a little crown, applied to 
the interior envelop of the flower. It consists of one or more circles 
of leaves, either distinct or united by their edges, usually of some other 
color than green, and of a more delicate texture than the calyx. Its 
leaves are called petals. 

402. Perianth {tisqI, around, Avdog^ flower) is a word in common 
use to designate the floral envelops, as a whole, without distinction of 
calyx and corolla. It is used in description, especially when these two 
envelops are so similar as not to be readily distinguished, as in the tulip, 
lily, and the endogens generally ; also where only one envelop exists, as 
in Phytolacca, elm, etc. (259, per.) 

403. The essential floral organs stand within the circles of the 
perianth, and are so called because they are the immediate instruments 
in perfecting the seed and thus accomplishing the final purposes of the 
flower. These organs are of two kinds, perfectly distinct in position 
and oflBce ; viz., the stamens and the pistils. 

404. The stamens are those thread-like organs situated just within 
the perianth and around the pistils. Their number varies from one to 
a hundred or more ; but the most common number is Jive, Collec- 
tively they are called the andrcecium (dvSpeg,* stamens, ocKogy a house). 

405. The pistils (called also carpels) occupy the center of the 
flower at the absolute terminus of the flowering axis. They are some- 
times numerous, often apparently but one, always destined to bear the 
seed. Collectively they are called the gynoecium (yx^v^, pistil, dlKog), 

* The plural of oiojp, a man, a term applied to the stamen by Linneeus In accordance with his 
favoritp theory of the sexes of plants. The term ywi?, woman, is, on the Bame grouad, opplied 
to the pistil. 
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406. Recapitulation. Thus we have noticed the members of the 
flower in the order of their succession from the outer to the inner cir- 
cle. Now, in regard to the receptacle on which they stand in concen- 
tric whorls, we find (reversing the order) the gynoecium in the midst, 
the center of the flower, the androecium encircling it, the corolla next 
without, and the calyx embracing the whole. 

407. Appendages. These are the four proper members or sots of 
organs composing the flower. Occasionally we meet with a fifth be- 
tween the corolla and stamens, not easily referrible to either, like the 
scales in the throat of the Borrageworts, or the crown of the Narcissus 
and jonquils. Such are regarded as appendages, not necessary to the 
completeness of the flower. 

THE PLAN OF THE FLOWER. 

408. Essential untit combined with endless DivERsrrT is every where a 
characteristic of natttre. Herein consists the perpetual charm of her presence and 
the perpetual reward of her diligent study. There is no better example of this 
happy combination than is found in the structure of the flower. Unity or uniform- 
ity, when often repeated, becomes monotony. Diversity without unity is confusion. 
Hence, in our study of the thousand forms in which God has attired the flower we 
shall arrive at no satisfactory result until we come to discern that unity of plan, that 
simple idea of ihe flower in which all its diversities harmonize. There is such an 
idea. It originated in the Infinite Mind. Let us search for it. 

409. The floral oeqans. We have already seen that the flower may consist 
of four sets of organs — calyx, corolla, androecium, gyncecium ; or of four kinds of or- 
gans — ^sepals, petals, stamens, pistils, each arranged circularly around a common 
center. 

410. Symmetry op the flower. Now as the leaves of a branch are definitely 
apportioned into equal cycles, we naturally look for a corresponding symTneiry in 
the flower. Each set of organs should consist of at least one cycle. And as the 
cycle itself may vary numerically, being 2-leavod, 3-leaved, 5-leaved, etc., in dififer- 
ent species, so in the flower each cycle or set may be 2 -parted, 3-parted, 5-parted, 
etc. That is, the sepals, petals, stamens, pistils, may each bo two in number, or 
three, or four, or five in number, etc. 

411. Again, in relative position the organs of each set, as a rule, alternate 
with the organs of each adjacent set ; the petals alternate with the sepals and sta- 
mens, the stamens with the petals and pistils. This alternation accords with the op- 
posite and verticillate arrangement of leaves, where (§ 226) the leaves of any given 
circle do not stand exactly over the leaves of the next curcle below, but over the 
intervals between them. In a word, 

412. The typical flower, one that exemplifies the full idea of the 
floral structure, consists of four different circles of organs, each circle 
having the same number of separate, alternating parts. Such a flower 
is not only 

Perfect, having both the essential organs, but also 
Complete, having the four kinds of organs. 
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Regular^ the organs of the same kind similar, and 
Symmetrical^ the same number of organs in each whorl. 

413. Seldom realized. Happily, this our conception of the typical flower is 
not often realized in nature, although the tendency toward it is universal Devia- 
tions occur in every imaginable mode and degree, causing that endless variety in 
the floral world which we never cease to admire. 

414. Examples. In our cut (Pink, 258) illustrating the organization of the flower 
the tendency in this direction is evident, but the stamens are too many and the pis- 
tils seem too few. Among the Flaxworts and the Houseleek tribe, however, are 
some good examples. The flower of the flax combines very nearly all the condi- 
tions above specified. It is complete, regular, symmetricaL Its organs are alter- 
nate and all separate, and (disregarding the slight cohesion of the pistils at their 
base) this flower well realizes our type. But 




260, his. Flower of Crossula lactea, regular, symmetrical, organs distinct 261, Diagram showing 
Its plan. 262, Flower of the Scarlet Flax. 263, Diagram of its plan. 

415. The flowers op Crassula, an African genus sometimes cultivated, afford 
unexceptionable examples, the sepals, petals, stamens, and pistils each being five 
in number, regularly alternating and perfectly separate. 

416. Flowers op sedum. Admitting two whorls of stamens instead of one, we 
have a good example of our type in stone-crop (Sedum tematum), a little fleshy 
herb of our woods. Its flowers are both 4-parted and 5-parted in the same plant. 
See also the 12-parted flowers of the common houseleek. 

417. How TO STUDY THE FLOWER. If, with this type as our adopted standard of 
the floral structure, we compare any of the myriads of different forms which occur, 
we shall be able to trace out the features of the general plan even among the 
widest deviations. The more important of them are included in the following sy- 
nopsis : — 

1. Variations in the radical number of the flower. 

2. Deficiencies rendering the flower 

a, Incomplete, 
6, Imperfect, 

c, Unsymmetrical, 

d, Organs opposite. 
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6. 



Redundancies, 

a, In the multiplication of organs, 

6, In appendicular organs. 
Union of parts. 

a. By cohesions, 

h, By adhesions. 
Irregularities of development, 

a, In homogenous parts, 

6, In the receptacle. 
Combined deviations. 



"We shall consider these several topics in theur order. 

418. The eadical number of the flower is that which enumerates the parts 
composing each whorL It varies from one to twenty, and is expressed thus; 
^> Vj V, y/y etc., which mathematical expressions are to be read by the words, 
disnerous {6ig^ two, fitpog^ part), or 2-parted ; trimerous, or 3-parted ; 4-merous, or 
-i-parted ; pentamerous, or 5-parted ; 6-merous, or 6-parted, etc. 

419. Exogens and endogens distinguished. Pentamerous (V) flowers, like 
the rose, fla2c, when each whorl is (naturally) 5-parted, are more generally charac- 
teristic of the exogenous plants, V flowers of the endogens, as the lily, Trillium. 
The flowers of Fuchsia are V, of Circaea V, and of Hippuris 1 V, 

420. Deficiencies. Incomplete flowers often occur. They lack some one or 
more entire sets of organs. "When only one of the floral envelops, the calyx, ex- 
ists, the flower is said to be apetalous or monochamydeous (p(lafivQ, a cloak), as in 
elm, Phytolacca. These terms are also loosely applied to such plants as rhubarb, 
Anemone, liverwort, where the pieces of the perianth are all sunilar, although in two 
or three whorls. When the perianth is wholly wanting, the flower is said to bo 
achlumydeoiLS or ndkedy as in lizard-taiL (264.) 

264 






264, Flower of Saururus (lizard-tail) ; achlymydeous. 265, Flower of Fraxinna (ash). 266, 
Flower of Salix (willow), staminate. 267, pistillate. 

421. Imperfect flowers are also of frequent occurrence. They are deficient in 
respect to the essential organs. A sterile or staminate flower (denoted thus $) has 
stamens without pistils. A fertile or pistillate flower (?) has pistils without sta- 
mens. Such flowers being counterparts of each other, and both necessary to the 
perfection of the seed, must exist either together upon the same plant or upon sep- 
arate plants of the same species. In the former case the species is monoecious (§ ) 
as in oak ; in the latter case dioecious (J $ ) as in willow. The term diclinous^ de- 
notmg either S ^^ i ^ without distinction, is in common use. 
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.268, Pistillate flower of Balm-of-Gilead. 269, Stamlnate. 2T0, Diploclinium Evansianum. 
a, staminate ; 5, pistillate. 

422. A NEUTRAL FLOWER Is a perianth or calyx only, having neither stamens nor 
pistils. Such are the ray-flowers of many of the Compositse, and of the cymes of 
Hydrangea, high cranberry, etc., which in cultivation may all become neutral, as in 
the snow-ball. 

271 423. Unsymmetrioal flow- 

ers. The term symmetry, as used 
in botany, refers to number only. 
A flower becomes unsymmetrical 
by the partial development of any 
set or cu-cle in respect to the num- 
ber of its organs. The mustard 
famUy afifords a good example. 

424. Flowers of the cruci- 
FERS. The flowers of mustard, 
cress, etc, are understood to bo 
4-merous (V). The sepals are 
four, petals four, but the stamens 
are six and the styles but two. 
The stamens are arranged in two 
circles, having two of those in the 
outer circle suppressed or reduced 
to mere glands. Two of the car- 
pels are also suppressed. (256.) 

425. In THE MINT FAMILY and 
the figworts one or three of tlio 
stamens is generally abortive. 
Here, while the flowers are V, 
the stamens are four in some spe- 
cies and only two in others. The 
missing stamens, however, often 
appear in the guise of slender 
processes— the rudiments of sta- 
mens—proving in an interesting 

271, "Radiant" panicle of Hydrangea quercifolium; manner the natural tendencv to 
thelarger flowers neutral. symmetry. 

426. Other examples. In the V flowers of poppy, the sepals are but two ; in 
V sprmg-beauty they are but two ; in both cases too few for symmetry. In lark- 
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spur tlie V flowers have but four petals, and in monk's-hood, also v/j the petals are 
apparently but two strangely deformed bodies. A careful inspection, however, 
generally reveals the other three, very minute, in their proper places, as displayed 
in the cut. (283.) 

427. " Organs opposite" is a condition much less frequent than " organs alter- 
nate," but is highly interesting, as being sometimes characteristic of whole fiimilies. 
Thus in the primrose, thrift, and buckthorn families, the stamens always stand op- 
posite to the petals I 

428. How HAPPENS THIS ? Among tho primworts this question is solved in the 
flowers of Lysimachia and Samolus, where we find a circle of fivd teeth (abortive 
filaments) between the petals and stamens, alternating with both sets, thus restoring 
the lost symmetry. Hence we infer that in such cases generally a circle of alter- 
nating organs has been either partially or wholly suppressed. In the buckthorn, 
however, a different explanation has been given. 




^jfA^^^ 




Dia{?ram8. 272, Flower of Samolus, stowing tho mdlmentaiy stamens alternating with the 
perfect. 278, Flower of a Labiate plant, showing the place of the deficient stamen. 274, Flower 
of Asarum ; three sepals, twelve stamens, etc. 275, Flower of Saxifrage ; two pistils, ten sta- 
mens, etc 

429. The multiplication op organs is exceedingly common, and usually ac- 
cording to a definite plan. The increase takes place, as a rule, by circles, and con- 
sequently by multiples. That is, c. ^., the stamens of a V flower, if increased, will 
be so by 3s ; of a V flower by 5s, etc., sometimes to the extent of twenty such 
circles. 

430. Crowfoots and roseworts. In the crowfoot family the stamens are al- 
most always multipHed. The carpels are also generally multiplied, yet often, on the 
contrary, diminished, as in the paeony. In Rosaceae, also, the stamens are generally 
multiplied, while the carpels exist in all conditions as to number. Thus in straw- 
berry they are multiplied, in the apple they are regularly five, in agrimony reduced 
to two, and in the cherry to one. 

431. Other cases. In Magnolia the V flowers have three sepals m one circle, 
six or nine petals in two or three circles, numerous stamens and carpels in many 
circles of each. In the V flowers or blood-root there are two sepals, eight petals, 
twenty-four stamens, and two carpels. 

432. Increment by clusters (chorisis). In other cases the organs seem to be 
increased in number by clusters rather than by circles, as when in the same circle 
several stamens stand in the place of one, e. g., in squirrel-corn, st. johnswort, lin- 
den. Such cases afford wide scope for conjecture. Perhaps each cluster originates 
by division, as the compound from the simple leaf; or as a tuft of axillary leaves ; 
or thirdly, by a partial union of organs. 

433. Appendicular organs (§ 407) consist of spurs, scales, crown, 
glands, etc., and often aflford excellent distinctive marks. The old term 
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276 277 278 




Flower of Aurantium Limeta (Lime-tree) ; sta- 
1 a live Slits. 277, One of the sets. 278, Flower of 
liypericum .^gypticum ; stamens in three sets. 279, 
Flower of Tecoma radicans ; petals cohering into a tube, free only at top. Sepals also coherent. 

nectary was indiscriminately applied to all such organs, because some 
of them produced honey. 

434. Spurs are singular processes of the flower, tubular and pro- 
jecting from behind it. In columbine each petal is thus spurred ; in 
violet, one petal only. In larkspur, a petal and a sepal, the spur of the 
latter inclosing that of the former. The curved spur of the jewel-weed 
belongs to a sepal. (280, 281.) 

435. Scales are attached to the inner side of the corolla, usually 
upon the claw of the petals, as in butter-cups, or within the throat of 
the corolla tube, as in the Borrageworts. Similar appendages, when 
enlarged and conspicuous, constitute a croton in catchfly, corn-cockle 
The flowers of Narcissus are distinguished by an excessively large crown 
or corona, with its parts all blended into a tube or rim. 




Flower of Delphinium Consolida (common larkspur), displaying, ff, «, «, », «, the five sepals, 
rt, the upper one spurred ; c, the corolla of four petals here united into one and produced into a 
spur. 231, Flower of Impatiens fulva (touch-me-not). 232, Displaying, &, «, *, y. the four se- 
pals, 8^ the anterior one, being probably double, and y, saccate and spurred ; /), p, the two petal?, 
both double. 
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436. Glandular bodies are often found upon the receptablo in the 
places of missing stamens or carpels, or as abortive organs of some kind. 
Examples are seen in the Crucifers and grape. In grass-Parnassus they 
are stalked and resemble stamens. 

437. Union of organs. This condition in some way occurs in almost eveiy 
flower, and more perhaps than any other cause tends to disguise its plan and origin. 
The separate pieces which stood each as the representative of a leaf, now, by a gra- 
dual fusion, lose themselves in the common mass. Nevertheless, marks of this pro- 
cess are always discernible either in parts yet remaining /rec, or in the seams where 
the edges were conjoined. The floral organs may unite by cohesion or adhesion. 

438. Cohesion, when the parts of the same whorl are joined to- 
gether, as the sepals of the pink, the petals of morning-glory, the sta- 
mens of mallows, the carpels of poppy, 

439. Adhesion, when the parts of different whorls are conjoined, as 
the stamens with the corolla in phlox, with the pistils in milkweed, 
ladies' slipper ; or calyx with ovary in apple or wintergreen (Gaultheria). 

440. The adjective free is used in a sense opposite to adhesion, 
implying that the organ is inserted on (or grows out of) the receptacle, 
and otherwise separated from any other kind of organ. The adjective 
distinct is opposed to cohesion, implying that like organs are separate 
from each other. 

This subject and also the next will be more particularly noticed in another chap- 
ter. 

284 285 




288, Flower of Aconitum Napellus displayed ; «, «, », a, /», the five sepals, the upper one hooded ; 
PiP^ Py the five petals, of which the two upper are nectaries covered by the hood, and the three 
lower very minute. 284, Flower of Catalpa, 2-lipped, S-lobed. 285, Corolla laid open, showing 
the two perfect stamens and the three rudimentary. 

441. Irregular development. Our typical flower, it will be re- 
membered, is regular ; and observation proves that all flowers are ac- 
tually alike regular in the • early bud. These inequalities or " one- 
sided" forms, therefore, which characterize certain flowers are occasioned 
by subsequent irregular growth from a regular type. The irregularity 
of flowers may consist * 
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1. In the unequal size of like organs (petals of mullein), 

2. In their dissimilar /orw.9 or positions (petals of the pea). 

3. In the unequal cohesion of like parts (petals of Lobelia). 

4. In unequal suppressions (stamens of the Labiate flowers, where, 
indeed, as in many other flowers, all these phases of irregularity are 
combined). 




2S6, Flower (magnified) of Myosunis ; a vertical section showing its elongated receptacle, etc. 
287, The same, natural size. 288, Flower of Isopyrum biternatum ; vertical section, showing 
the convex or globular receptacle, etc. 289, Flower of rose, showing its excavated torus. 

442. The regular receptacle has no internodes. It bears the 
several whorls of the flower in close contact with each other, and is 
usually short and depressed. 

443. Lengthened receptacle. When these whorls are numerous, 
as in buttercups, tnlip-tree, the receptacle is necessarily elongated. So 
in Myosurus, blackberry, strawberry. In the two latter it imbibes the 

2j)o nutritious juices of the plant 

and becomes a part of the fruit. 

444. Excavated recepta- 
cle. On the contrary, the to- 
rus instead of lengthening may 
be hollowed out in the .center. 
The carpels of the rose are sit- 
uated in such a cavity, while the 
other organs are borne upou its 
elevated rim. In Nelumbium 
the carpels are immersed in as 
many separate excavations in a 
large, fleshy receptacle. 

445. But the internodes op the 
torus are sometimes developed, 
e. g.j in noble liverwort a short inter- 
node between the corolla and calyx 




290, Flower of Cleome pungens, showing its ovary, 
o, mounted on a long stypo. 
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has changed the latter (technically) to an mvolucre. In the pink a similar inter- 
node renders the ovary siipitcUe. In the Caper family the torus is developed into 
long intemodes, sometimes raising the ovary upon a long stipe, sometimes the sta- 
mens and ovary. 

446. The disk is a portion of the receptacle raised into a rim some- 
where in the midst of the whorls. It is found bqtween the ovary and 
stamens in paeony and buckthorn. It bears the stamens in maple, - 
mignionette, and crowns the ovary in the Umbelliferae. Finally 

291 





291, PsBonia Montan, showing Its very large disk (d) sheathing the ovaries (jp). 292, Pistil of 
the lemon, with its base surrounded by the disk, d. 293, Section of flower of Alchemilla, show- 
ing its single simple pistil, large disk, etc. 

447. Combined deviations are quite frequent, and sometimes ob- 
scure the typical character of the flower to such a degree as to require 
close observation in tracing it out. The study of such cases is full of 
both amusement and improvement. 

448. Foe example, the y/ poppy has suppression in the calyx, multiplication in . 
the stamens and carpels, and in the latter cohesion also. The V sage has cohesion 
and irregularity in the calyx, every kind of irregularity in the corolla, suppression 
and irregularity in the stamens, suppression and cohesion in the pistils. The V 
Cypripedium is perfectly symmetrical, yet has irregular cohesion in the calyx, great 
inequality in the petals, cohesion, adhesion, and metamorphosis in the stamens, and 
cohesion in the carpels. 

(In this way let the pupil analyze the deviations in the flower of Geranium, holly- 
hock, moth mullein, larkspur, sweetbriar, touch-me-not. Petunia, snapdragon, violet, 
Polygala, squirrel-corn. Orchis, henbit, monk's-hood. Calceolaria, etc.) 



CHAPTER XI. 

THE FLORAL ENVELOPS, OR PERIANTH. 

449. Idea of the typical flower. In our idea of the typical 
flower, the perianth consists of two whorls of expanded floral leaves 
encircling and protecting the more delicate essential organs in their 
midst. The outer circle, calyx, is ordinarily green and far less conspic- 
uous than the inner circle of highly colored leaves — the corolla. 
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450. Exceptions. But to this, as to all other general rules, there are many ex- 
ceptions. Strictly speaking, the calyx and corolla are in no way distinguishable 
except hy position. The ouier circle is the calyx, whatever be its form or color, and 
the inner J if there be more than one, is the corolla, 

451. Rules. The sepals of the calyx and petals of the corolla are, 
according to rule, equal in number and severally disconnected save by 
the torus on which they stand. 

452. Resemblances. The sepals more nearly resemble true leaves 
in texture and color ; but the petals in form. Both have veins and re- 
tain more or less the same venation which characterizes the grand di- 
vision to which the plant belongs (§ 258). 

453. Parts. Both blade and petiole are 
distinguishable in the floral leaves, especially 
in the petals. The blade or expanded part 
is here called limb or . lamina ; the petiolar 
part, when narrowed into a stalk, is called 
the claw. 

454. Nature of the sepals. The sepals 
are more generally sessile, like bud-scales, 
and appear to represent the leaf-stalk only, 
with margins dilated like a sheathing petiole. 
In confirmation of this view, we find in some 
flowers, as the paeony and rose, the lamina 
also developed, but smaller than the petiolar 
part 

455. Forms op petals. In form or out- 
line there is a general resemblance between 
the limb and the leaf. It is ovate, oval, 
lanceolate,, obcordate, orbicular, etc. In 
margin it is generally entire. Some peculiar 
forms, however, should be noticed, as the 
bilobate petal of the chickweed, the pinna- 
tifid petal of miterwort, the inflected petal 
of the Umbeliferse, the fan-shaped petal of 
pink, the fringed (fimbriate) petal of cam- 
pion (silene stellata), the hooded sepal of 
Napellus, the saccate petal of Calceolaria, 
C3rpripedium. 

456. Nectary. The limb is, moreover, 
often distorted into a true nectary, spurred, 
as already shown (§ 434), or otherwise de- 
formed, as in Napellus, Coptis, etc. 




Forms of petals. 294, Butter- 
cup, showing the scale at base. 

295. Mignonette, fringed at top. 

296, Silene stellata, fringed and 
unguiculate. 297, Flower of 
Osmorhiza longistylis, petals in- 
flected. 29S, Flower of Mitella 
diphylla, petals pectinate«pinna- 
tifld. 299, Petal of Gerastlnm 
nutans, 2-cleft. 
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457. Union. We have seen that the floral organs are often in va- 
rious ways united. Considering their crowded state in the flower, we 
rather wonder that they do not always coalesce in their growth. 

458. The calyx with united sepals was called by the early botanists 
monosepalous ; the corolla with united petals was called monopetalous 
(jiovogj one — from the false idea that such an organ consisted of a sin- 
gle piece or leaf!). Opposed to these terms were polypetalous {noXvg, 
many), petals distinct, and polysepalous, sepals distinct. 

459. The monosepalous calyx, or monopetalous corolla, al- 
though thus compounded of several pieces, is usually described as a 
simple organ, wheel-shaped, cup-shaped, tubular, according to the de- 
gree of cohesion. The lower part of it, formed by the united claws, 
whether long or short, is the tube ; the upper part, composed of the 
confluent laminae, is the border or limb ; the opening of the tube above 
is the throat. 

460. The border is either lobed, toothed, crenate, etc., by the dis- 
tinct ends of the pieces composing it, as in the calyx of pink, the calyx 
and corolla of Primula, Phlox, and bell wort, or it may become by a 
complete lateral cohesion, entire^ as in morning-glory. Here the com- 
pound nature of the organ is shown by the seams alone. 




800, Flower of Saponaria (bouncing bet) ; petals and claws quite distinct. 801, Phlox; claws 
united, with lamina distinct. 802, SpigelU (pink-root), petals still ftirther united. 808, Quamo- 
clit cocclnea, petals united throughout 

461. A TERMINAL COHESION, whcrc summit as well as sides are 
joined forming a cap rather, than cup, rarely occurs, as in the calyx of 
the garden Escholtzia and the corolla of the grape. 

462. The modcs op adhesion are various and important, furnishing 
some of the most valuable distinctive characters. An organ is said to 
be adherent when it is conjoined with some dissimilar organ, as stamen 
with pistil. All the organs of our* typical flower are described 9&free, 
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463. Hypogynous (vTrc5, under, yvvTjj pistil) is an adjective term in 
frequent use, denoting that the organs are inserted into the receptacle 
under or at the base of the free pistil or 
ovaiy. it is, therefore, not applicable to the 
pistil itself. Thus the outer organs of butter- 
cups are hypogynous. 




804 807 808 

Section of flowers. 804, Jelfersonia diphylla, hypogynous. 805, Viola rotundifolla. 806 
Phaseolas raultiflorus (bean, organs spirally twisted). 307, Pyrus (Pear), perigynous ; ovaries 
nearly inclosed. 808, Primus (plum) ; ovary not inclosed. 

464. Perigynous (nepi, around) denotes that the organ is inserted 
on the calyx-tube around the free ovary.' Thus in Phlox the stamens 
are inserted on the tube of the corolla. In cherry both stamens and 
petals are (apparently) inserted on the calyic-tube. The calyx can never 
be perigynous. 

465. Epigynous (errl, upon) denotes that all the organs are appa- 
rently inserted upon the ovary, as seen in the apple, caraway, sunflower. 
The common phrases " calyx superior," " ovary inferior," have the same 
signification as calyx epigynous, all implying the apparent insertion 
of the organs upon or above the ovary. 

466. There is also another set of terms in uae, of the sami9 application, 
founded upon a more modern view of the floral structure, viz., ** calyx adherent," 
" ovary adherent'* Which is the better form of expression will depend upon our 
location of the receptacle. 
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809, Rlbes aureum (Missouri Currant) ; stamens and petals perig. ; ovary Inferior. «10, Saxi- 
fraga Virginiensis ; half superior. 811, Fuclisia gracilis (Ear-drop); inferior; stamens epipe- 
talous. 

461 In the cases above cited, it is commonly taught that the receptacle is lo- 
cated at the base of the ovary, and that all the organs thence arising are adherent 
to Its sides. Another doctrine is also taught, viz., that the receptacle itself may be 
elevated and become perigynous or epigynous, or, in other words, the ovary may be 
injbedded hi the foot-stalk. That it is so in the rose (289) we can hardly doubt 
The so-calldd calyx-tube of the chefty, peach, is certainly an analogous structure, 
more expanded, and so is the more contracted " calyx tube" of the apple, pome- 
granate. The analogy extends throughout the Rosewoi-ts, and perhaps stUl further. 

468. Calyx half-superior. Calyx superior or free, ovary inferior 
or free, are all phrases of the same import as calyx hypogynous. Be- 
tween the two conditions, calyx superior and calyx inferior, there are 
numerous gradations, of which one only is defined, to wit, calyx half- 
superior, as exemplified in the mock orange (and 313). 

469. Special forms op the perianth, whether calyx, corolla, or both, have 
been named and described. We may arrange them thus : — 

Polypetalous, regular — Cruciform, rosaceous, caryophyllaceous, liliaceous, /r- 
regular — ^papilionaceous. 

Monopetalous, regular mostly — ^rotate, cup-shaped, campanulate, urceolate, fon- 
nel-form, salver-form, tubular. Irregular — ligulate, labiate, orchidaceous. 

470. Cruciform (crua^ a cross) or cross-shaped, implies that four 
long clawed, spreading petals stand at right angles to each other, as in 
the flowers of the mustard family (Cruciferas) in general. 

471. Rosaceous, rose-like ; a flower with five short-clawed, spread- 
ing petals. 

472. Caryophyllaceous, pink-like ; a five-petaled corolla, with long, 
erect claws and spreading laminse. 

463. Liliaceous, like the lily ; a flower with a six-leaved perianth, 
each leaf gradually spreading so as to resemble^ as a whole, the funnel- 
form. 
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Forms of corollas. 812, Cheirantbus (stock). 818, Sileno regia (scarlet catchfly). 814, Pyrus 
coronaria. 815, Amaryllis (Atamasco Illy). 

474. Papilionaceous, butterfly-shaped ; a corolla consisting of five 
dissimilar petals, designated thus : the upper, largest, and exterior pe- 
tal is the banner (vexillum) ; the two lateral, half-exterior, are the wings 
{alee) ; the two lower, interior petals, often united at their lower mar- 
gin, are the keel (carina). The flowers of the pea, locust, clover, and 
of the great family of the Leguminosae in general are examples. 




816, Papilionaceous flower of the Pea. 817, Displayed ; «, the vezillam ; a, a, the alse; c, c, the 
carinse. 818, Section of flower of Dicentra CucuUaria. 

475. Rotate, wheel-shaped or star-shaped, is a monpetalous form, 
with tube very short, if any, and a flat, spreading border, as the calyx 
of chickweed, corolla of Trientalis, elder. It is sometimes a little ir- 
regular, as in mullein. 

476. Cup-shaped, with pieces cohering into a concave border, as in 
the calyx of mallows, corolla of Kalmia, etc. 

477. Campanulate or bell-shaped ; when the tube widens abruptly 
at base and gradually in the border, as in the harebell, Canterbury bell. 
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478. Uroeolatb, urn-shaped ; an oblong or globular corolla with a 
narrow opening, as the whortleberry, heath. 

479. Funnel-form (infundibuliform), narrow tubular below, gradu- 
ally enlarging to the border, as morning-glory. 

480. Salver-form (hypocrateriform), the tube ending abruptly in a 
horizontal border, as in Phlox, Petunia, both of which are slightly ir- 
regular. 

481. Tubular, a cylindraceous form spreading little or none at the 
border, as the calyx of the pink, corolla of the honeysuckle. It is 
often a little curved. Tubular flowers are common in the Compositae, 
as the thistle, sunflower, when they are often associated with 

482. LiGULATE {ligula, a little tongue), apparently formed by the 
splitting of the tubular on one side. The notches at the end plainly 
indicate the number of united petals composing it, as also do the paral- 
lel, longitudinal seams. 

483. Labiate, bilabiate, lip-shaped, resembling the mouth of an ani- 
mal. This very common form results from the unequal union of the 
parts, accompanied with other irregularities. In the labiate corolla 
three petals unite more or less to form the lower lip, and two to form 
the upper. In the calyx, when bilabiate, this rule is reversed, accord- 




Forms of corollas. 818, Campanula Americana; rotate. 819, Campanula divaricata. 
Andromeda, urceolate. 821, Convolvulus (morning-glory). 822. Petunia. 828, Lonicera sem- 
pervirens (honeysuckle). 324, Dandelion ; llgulate corolla (c), 6-toothed ; <i, five anthers united 
into a tube around «, the style. 825, Synandra grandiflora, ringent, upper lip 2-lobed, lower 
8-lobed. 826, Llnaiia (yellow snapdragon), personate. 827, Cypripodlum acaule, orchidaceous. 

7 
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ing to the law of alternation of organs ; two sepals are united in the 
lower lip and three in the upper, as seen in the sage and the Labiate 
Order generally. Labiate flowers are said to be galeate or helmeted 
when the upper lip is concave, as in catmint ; ringent or gaping when 
the throat or mouth is wide open ; personate or masked when the throat 
is closed as with a palate^ like the snapdragon. 

484. Orchidaceous, a form of the perianth peculiar to the Orchis 
with that large and singular tribe in general. It is a 6-parted double 
periaDth, very irregular, characterized chiefly by its lip (labellum), 
which is the upper petal (lower by the twisting of the ovary) enlarged 
and variously deformed. 

Certain reduced forms of the perianth require notice here .* 

485. Pappus {jraniTog^ grandfather, alluding to his gray hairs) is a 
term applied to the hair-like calyx of the florets of the Compositse and 
other kindred orders. The florets of this order are collected into 
heads so compactly that the calyxes have not room for expansion in 
the ordinary way. The pappus is commonly persistent and often in- 
creases as the fruit matures, forming a feathery sail to waft away the 
seed through the air, as in the dandelion and thistle. It varies greatly 
in form and size, as seen in the cuts, sometimes consisting of scales^ 
sometimes of hairs, again of feathers or bristles. Sometimes it is 
mounted on a stipe, which is the beak of the fruit. 

881 833 829 830 





Cypsela (incorrectly called acheniatn) of the Compositte, With various forms of pappus. 828, 
Eclipta procumbens, no pappus. 829, Ambrosia triflda. 830, Helianthus grosse-serratus, pappus 
2-awnecl. 881, Ageratum conizoides, pappus of five scales. 882, Mulgedium, capillary pappus 
—cypsela slightly rostrate. 833, Lactuca elongata, rostrate cypsela. 

486. Other reductions. Again, the calyx or the limb of the calyx 
is reduced to a mere rim, as seen in the UmbellifersB. In the amenta- 
ceous orders the whole perianth diminishes to a shallow cup, as in the 
poplar, willow, or altogether disappears, as in the birch, ash, lizard-tail. 
(264-26'7). 

48*7. SETiE, meaning bristles in general, is a term specifically used to 
denote the reduced perianth of the sedges. In the bog-rush (Scirpus) 
there is, outside the stamens, a circle of six setse, which doubtless rep- 
resent a 6-leaved perianth. In the cotton-grass (Eriphorum) the setae are 
multiplied and persistent on the fruit, becoming long and cotton-like. 
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488. Perigynium is the name given 
to the urceolate perianth of Carex, in- 
vesting the ovary but allowing the style 
to issue at its summit. It is evidently 
composed of three united sepals. 

489. Glumes and pales represent 
the floral envelops, or rather the invo- 
lucre of the Grasses. Their alternating 
arrangement clearly distinguishes them 
from a perianth. They occur in pairs, 
the smaller usually above. The glumes 
envelop the spikelet, the pales the single 
flower, and often within the pales are 
two or three scales representing, the 
perianth, surrounding the stamens and 
ovary, all which are illustrated in the 
wheat. (195.) 

490. The duration of the calyx and corolla varies widely, and is 
marked by certain general terms. It is caducous when it falls off im- 
mediately, as the calyx of poppy, corolla of grape ; deciduous when it 
falls with the stamens, as in most plants ; and persistent if it remain 
until the fruit ripens, as the calyx of apple. If it continue to grow 
after flowering, it is accrescent^ and if it wither without falling off" it is 
marescent. 



834, Flower of Scirpus lacustris, mag- 
nified ; consisting of six seto, three sta- 
mens, three pistils united, except the 
stigmas. 335, Flower of Carex rivularis 
$ , with^^, its glume, p, its bottle-isbaped 
perigynium, 3-toothed at top, envelop- 
ing the triple ovary ; stigmas, three. 



CHAPTEE XII. 

OF THE ESSENTIAL ORGANS. 
§ THE STAMENS, OR ANDRCECIUM. 

491. Position. Within the safe inclosure of the floral envelops 
stand the essential organs — the stamens and pistils, clearly distinguish- 
able from the perianth by their more slight and delicate forms, and 
from each other by various marks. In the complete flower the androe- 
cium next succeeds the corolla in the order of position, being the third 
set, counting from the calyx. 

492. A PERFECT STAMEN cousists of two parts — ^the filament, corre- 
sponding with the petiole of the typical leaf, and the anther, answering 
to the blade. Within the cells of the anther the pollen is produced, a 
substance essential to the fertility of the flower. Hence the anther 
alone is the essential part of the stamen. 
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Androecium (and gynoDcium) of Frankenia (after Peyer). 887, Stamen (adnate) of morning- 
glory. 83S, Same enlarged, with pollen grains discbarged ; f^ filament ; a, a, anther, 2-lobed ; c, 
top of the connectile. 839, Ranunculus. 840, Same, cut transversely. 841, Iris cut transversely 
(extrorse). 842, Amaryllis, versatile. 848, Larkspur, innate. 844, Same, cot 

493. The filament [filum^ a thread) is the stalk supporting the 
anther at or near its top. It is ordinarily slender and filiform, yet 
firmly sustaining itself with the anther in position. Sometimes it is 
capillary and pendulous with its weight, as in the Grasses. 

494. The anther is regularly an oblong body at the summit of the 
filament, composed of two hollow parallel lobes joined to each other and 
to the filament by the connectile. In front of the connectile, looking 
toward the pistil, there is usually a furrow ; on its back a ridge, and on 
the face of each lobe a seam, the usual place of dehiscence or opening, 
all running parallel with the filament and connectile. 

The stameD, as thus described, may be considered regular or typical in form, and 
is well exemplified in that of the buttercup (Fig. 339). But the variations of struc- 
ture are as remarkable here as in other organs, depending on circumstances like the 
following — 

495. Attachment op filament to anther. This may occur in three ways. 
The anther is said to be innate when it stands centrally erect on the top of the fila- 
ment, adnate when it seems attached to one side of the filament, versatile when 
connected by a single point in the back to the top of the filament. 

496. Dehiscence, or the modes of opening, are also three, viz., valvular^ where 
the seam opens vertically its whole length, which is the usual way ; porous where 
the cells open by a chink or pore usually at the top, as in Rhododendron and po- 
tato ; opei'cular when by a lid opening upward, as in sassafras, berberis. (346.) 

497. The facing op the anther is also an important character. It is introrse 
when the lines of dehiscence look toward the pistil, as in violet ; extrorse when 
they look outward toward the corolla, as in Iris. 

498. The connectile is usually a mere prolongation of the filament, terminating, 
not at the base, but at the top of the anther. If it fall short, the anther will bo 
emarginate. Sometimes it outruns the anther and tips it with a terminal append- 
age of some sort, as in violet, oleander, Paris. Agam, its base may be dilated into 
spurs, as in two of the stamens of violet. 

499. Dimidiate anther. If the connectile be laterally dilated, as we see gra- 
dually done in the various species of the Labiate Order, the lobes of the anther 
will bo separated, forming two dimidiate anthers (halved anthers) on one filament, 
as in sage, Prunella. Such are, of course, I-celled. (351.) 
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Peculiar forms of stamens. 845, PttoU rotundifolia ; p^ dehiscence by pores at top. 850 
Vaccinium uliginosam; p, dehiscence. 847, Berberis aqnifolium, anthers opening (846) by 
valves upward. 848, Anther of Violet, Introrse, with an appendage at top. 849, Oleander, sagit- 
tate, appendaged. 854, Catalpa, lobes of anther separated. 851, Sage, lobes of anther widely 
separated, on stipes ; &, barren lobe without pollen. 852, Malva, anther 1-celled. 858, Ephedra 
(after Peyer), anther 4-celIed. 

500. The cells op the anthers are at first commonly four, all 
parallel, becoming two only at maturity. In some plants the fonr are 
retained, as in the anthers of Ephedra. (353.) In others, as mallows, 
all the cells coalesce into one. (352.) 

501. Appendages of many kinds distinguish the stamens of different species. 
In the Ericaceae there are horns, spurs, tails, queues, etc. In onioas and garlic the 
filament is 2 or 3-forked, bearing the anther on one of the tips. Sometimes a pair 
of appendages appear at base, as if stipulate. It is often conspicuously clothed with 
hairs, as in Tradescantia. 




856 853 860 861 

Essential organs. 855, Rhododendron, five stamens («), one pistil Cp), oblique or slightly ir- 
regular. 357, Flower of jEscuIus (Buckeye), regular, 5-toothed calyx (c), very irregular 4-pe- 
taled corolla, seven stamens unequal, one style («). 859, Flower of Hydrastis ; «, sepals decidu- 
ous. 860, Same, showing the distinct pistils and one stamen remaining. 861, Anemone thalic- 
troides, the gyncecium of distinct, ribbed achenia. 856, Trillium, six stamens («), three pistils 
(p). 858,Staphyleatrifolia. 
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502. Staminodia, op sterile filaments with abortive anthers or none, occur singly 
in many of the Figworts and Labiates, or in entire whorls next within the petals, 
alternating with them, as in loose-strife ; in all cases restoring the symmetry of the 
flowers. They are generally reduced in size, as in Scrophularia, rarely enlarged, as 
in beardtongue (Pentstemon). 

603, Thb number of the stamens is said to be definite when not ex- 
ceeding twenty, as is sometimes definitely expressed by such terms as 
follow, compounded by the Greek numerals, viz., monandrouSy having 
one stamen to each flower ; diandrous, with two stamens ; pentandrous^ 
with five stamens. If the number exceeds twenty, it is said to be in* 
definite (denoted thus, 00 ) or polyandrous. 

504. The position or insertion of the stamens {§ 463) may be more 
definitely stated here, as hypogynous, on the receptacle below the ovaries ; 
periffynousy on the calyx around the ovary ; epipetalouSy on the corolla, 
as in Phlox ; epigynous, on the ovary at its summit, and gynandroiLS 
{yvvTj, pistil, dvSpEg^ stamens) on the pistil, that is, when the stamens 
are adherent to the style, as in Orchis, 

505. Inequality in length is definitely marked in two cases, as 
tetradynamous (rBTpag, four, dyvafjug, power) when the stamens are 
six, whereof four are longer than the other two, as in all the Crucifers ; 
didynamous, where the stamens arc four, two of them longer than the 
other two, as in all the Labiates, etc. 




862, CoUinsia verna: / a flawer enlarged, cut, showing the sllghvly didynamoua stamens, etc 
863, Stamens (diadelphous) of a Leguminous plant 864, Stamens (syngenecious) of a Com- 
posite ; f, filaments distinct ; o, anthers united ; «, stigmas revolnte, etc. 865, Tetradynamous 
stamens of a Cruclfer. 866, Gynandrous column of Cypripedlum ; o, ovary; r, torus; «, sterile 
stamen ; a, two pollinia ; c, stigma. 

506. Cohesion is as frequent with stamens as with petals. They 
are monadelphous (ddeA^o^, a brother) when they are all united, as in 
mallow, into one set or brotherhood by the filaments ; diadelphous in 
two sets, whether equal or unequal, as in pea, squirrel-corn ; polyadeU 
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phous, many sets, as in St. John'swort ; and syngenenouSj when they 
are united by their anthers, as in the Compositse. Finally, 

507. The absence of the stamens altogether, whether by abortion, 
as in the $ flowers of Veratrum, or by suppression, as in oak, occurs 
in various modes, rendering the plant moncBcious ( S ), dioecious ( 5 $ ), 
or polygamous ( ^ ^ ? )» as already explained (§ 421). 

508. The pollen is in appearance a small, yellow dust, contained in 
the cells of the anther. When viewed with the microscope it appears 
as grains of various forms, usually spheroidal, or ovftl, sometimes tri- 
angular or polyhedral, but always of the same form and appearance in 
the same species. Externally they are curiously, and often elegantly 
figured with stripes, bands, dots, checks, etc. 




Pollen grainB. 867, Pinoi larico. 868, Basella rabra. 
moB grandlflorua. 871, Passiflora incarnata. 

509. Each grain of pollen is a mem- 
branous cell or sack containing a fluid. 
Its coat is double, the outer is more thick 
and firm, exhibiting one or more breaks 
where the inner coat, which is very thin 
and expansible, is uncovered. In the fluid 
are suspended molecules 
of inconceivable minute- 
ness, said to possess a tre- 
mulous motion. When 
the membrane is exposed 
to moisture it swells and 
bursts, discharging its 
contents. 

510, POLLINIA. In 

the Orchids and Silkweed 



869, Bftnanoolas repens. 870« Seoly* 




872, Section of the Passion-flower (Passiflora coerulea); 
&, bracts of the involucre ; «, sepals ; p, petals ; a,a, stami 
nodia or sterile filaments ; o, stipe ; o, .ovary ; d, stamens ; 
f, stigmas. 
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tribe, the pollen grains do not separate as into a dust or powder, 
but all cohere into masses called pollinia, accompanied by a viscid 
fluid. 

THE PISTILS, OR GYNCECIUM. 

511. POSITION. The Gynoecium occupies the center of the flower at 
the termination of the axis. It consists regularly of a circle of distinct 
pistils, (§ 405), symmetrical in number with the other circles. It is 
subject to great variation. The pistil may be distinct and simple^ as in 
columbine, or coherent in various degrees into a compound body, as in 
St. John's wort. 

879 876 




Pistils. 872, Symphytum, basilar style, ovary 4-parted. 871, ? Fl. of Emblica (Euphorbia- 
ceae), branching styles. 373, Mirabilis Jalapa, globular stig. 877, Fl. of Luznla, stigmas linaer. 
874, Feathery stigmas of a grass. 879, Stigmas of Aster. 875, Kumex. 876, Poppy. 878, Filiform 
stigma of Zea Mays, (Corn). 

512. Exception. Also instead of being free and superior, as it regu- 
larly should be, it may adhere to the other circles, as already explained 
(§ 462), and become inferior^ that is, apparently placed below the 
flower, as in the currant. 

513. The number of the pistils is by no means confined to the ra- 
dical of the flower. They may be increased by multiples, becoming a 
spiral on a lengthened receptacle, as in tulip-tree, or still remaining a 
circle, as in poppy. On the other hand they may be reduced in num- 
ber often to One, as in cherry, pea. Certain terms are employed to 
denote the number of pistils in the flower, such as monogynouSy with 
one pistil, trigynous, with three, polygynous^ with many, etc. 

514. The simple pistil may usually be known from the compound, 
by its one-sided forms — having two sides similar and two dissimilar. If 
the pistils appear distinct, they arc all simple, never being united into 
more than one set, as the stamens often are. 
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515. The parts of a simple pistil are three, the ovary at base, the 
stigma at the summit, and the style^ intervening. Like the filament 
the style is not essential, and when it is wanting, the stigma is sessile 
upon the ovary, as in crowfoot. In order to understand the relation of 
these parts we must needs first study 

516. The morphology of the pistil. As before stated, (§ 380), the 
pistil consists of a modified leaf called a carpel {Kaprrbg^ fruit), or carpel- 
lary leaf. This leaf is folded together (induplicate) toward the axis, so 
that the upper surface becomes the inner, while the lower becomes the 
outer surface of the ovary. By this arrangement two sutures or seams 
will be formed, the dorsal, at the back by the midvein, the ventral, in 
front by the joined margins of the leaf. 




878 bis 



879 bis 880 881 



3S3 884 8SJ 



885, Simple pistil of Strawberry, the etylo lateral. 886, Simple pistil of Crowfoot, cut to 
show the ovule. 880, Simple pistil of the Cherry. 881, Vertical section showing the ovule (o), 
style («), stigma (a). 882, Cross-section of the same. 884, Compound pistil of Spring-beanty. 
888, Cross-section of the same showing the 8 cells of the ovary. 878, Expanded carpellary leaf 
of the double cherry. 879, The same partly folded as if to form a pistil. 

617. Illustration. This view of the pistil is remarkably confirmed and illus- 
trated by the flowers of the double cherry, where the pistil may be seen in every 
degree of transition, reverting toward the form of a leaf. This carpellary leaf 
stands in the place of the pistil, having the edges infolded toward each other, the 
midvein prolonged and dilated at the apex. 

618. If this be compared with the pistil of tho cherry seen in the figure (3*78, 
379), no doubt can be entertained that the two sides of the leaf correspond to the 
walls of the ovary, the margins to the ventral suture, the midvem to the dorsal su- 
ture, and the lengthened apex to the style and stigma. Sometimes the flower con- 
tains two such leaves, which always present their faces toward each other. Tliis 
corresponds to the position of the true carpels, in which the ventral sutures of both 
are contiguous. 

519. The doctrikb deduced. Many other plants, as the rose, Anemone, Ranun- 
culus, flowering almond, exhibit similar transformations of the pistil, making it prob- 
able that it is formed upon the same plan in all plants. Tho ovary, therefore, is the 
blade of a leaf, folded into a sack; the style is the lengthened apex folded into a 
tube ; the stigma, a thickened and denuded portion of the upper margin of the 
leaf. 
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620. The placenta are usually prominent lines or ridges extending 
along the ventral suture within the cell of the ovary, and bearing the 
ovules. They are developed at each of the two edges of the carpejlary 
leaf, and are consequently closely parallel when those edges are united, 
forming one double placenta in the cell of each ovary. 

521. Thk simple caepel, with all its parts, is completely exemplified in the pea- 
pod. "When this is laid open at the ventral sature, the leaf form becomes manifest, 
with the peas (ovules) arranged in an alternate order along each margin, so as to 
form but one row when the pod is closed. In the pod of columbine the ovules form 
two distinct rows ; in the simple plum carpel each margin bears a single ovule, and 
in the one-ovuled cherry only one of the margins is fruitful. 

522. The stigma is the glandular orifice of the ovary, communicat- 
ing with it either directly or through the tubiform style. It is usually 
globular and terminal, often linear and lateral, but subject to great va- 
riations in form. It is sometimes double or halved, or 24obed, even 
when belonging to a single carpel or to a simple style, as. in Linden, 
where these carpels are surmounted by three pairs of stigmas. 

523. The compound pistil consists of the united circle of pistils, 
just as the monopetaloas corolla consists of the united circle of petals. 
The union occurs in every degree, always commencing at the base of 
the ovary and proceeding upward. Thus in columbine we see the car- 
pels (pistils) quite distinct ; in early saxifrage cohering just at base ; in 
pink as far as the top of the ovaries, with styles distinct ; in evening 
primrose to the top of the styles, with stigmas distinct ; and in Rhodo- 
dendron the union is complete throughout 

890 391 892 898 




887, Ovary (follicle) of Larkspur, composed of single carpellary loaf. 888, Ovaries of the Col- 
umbine, five, contiguous but distinct 889, Compound ovary of Hypericum, of carpels united 
below with distinct styles. 890, Ovary of another Hypericum of three carpels completely united. 
891, Ovary of Flax ; carpels five, united below, distinct above. 892, Dianthus (Pink). 398, 
Saxifraga. 

524, To determine the number of carpels in a compound ovary 
is an important matter. It may be known, 1, by the number of styles ; 
2, by the number of free stigmas (remembering that these organs are 
liable to be halved, § 522) ; 8, by the lobes, angles, or seams of the 
ovary ; 4, by the cells ; 5, by the placenta. 
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625, Two MODEB OF cOHESioK in the carpellary circle greatly affect 
the structure of the ovary and fruit. First and regularly, the carpels 
may be closed as when simple, and conjoined by their sides and fronts, 
as in lily and marsh mallow. In this case, 

1, The compound ovary will have as many cells as carpels. 

2, The partitions between the cells, L e., the dis'sepiments {dissepioj 
to separate) will each be double, will meet in the center, will be verti- 
cal and alternate with the stigmas. 

3, The single carpel can have no true dissepiment. If any ever 
occur it is regarded as spurious^ being a membranous expansion of the 
dorsal suture or the placentae, as in flax. 

4, The placentae as well as the ventral suture will be axial^ and the 
dorsal suture on the outer wall, opposite the stigmas. 

526. Again, the carpels may each be open and conjoined by their 
edges, as the petals in a monopetalous corolla. So it is in the com- 
pound ovary of the violet, rock-rose* In this case, 

1, There will be no dissepiment (unless spurious, as in the Cruciferae), 
and but one cell. 

2, The placentae of each carpel will be separated and carried back 
to the wall of the ovary, i, e,, they will become parietal (paries^ 
a wall.) 

52 7. Intermediate conditions. Between the two conditions of axile (or cen- 
tral) and parietal placentae we find all degrees of transition, as illustrated in the 
different species of St. Jolm'swort, and in poppy, where the inflected margins of 

the carpels carry the placentae inward, well 
I \ ^ / I yff 1 / ■/ °^^^^ *° ^^® ^'^^ Moreover, the placentae 

are not always mere marginal lines, but 





896 897 

S9?, Flower of Dodecatheon Meadia. 394, Vortical section showing the ffee central placenta. 
895» Vertical section of Luct»Juin (Snow-drop). 898, Cross section of ovary. 
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often wide spaces covering large portions of ihe wfdls of the cell, as in poppy, 
water-lily, and in other cases, as Datura^ they become large and fleshy, nearly fill- 
ing the cell. 

528. A FREE AxiLE PLACENTA, without dissepiments, occurs in some 
compound, one-celled ovaries, as in the pink and primrose orders. This 
anomaly is explained in two ways : first, by the obliteration of the early 
formed dissepiments, as is actually seen to occur in the pinks ; secondly, 
by supposing the placenta to be, at least in some cases, an axial rather 
than a marginal growth ; that is, to grow from the point of Xha axis 
rather than from the margin of the carpellary leaf, for in primrose no 
dissepiments ever appear. 

404 898 405 




898. Samolus Volorandl, section of flower showing the free oxile placenta. 899, Ovary of 
Scrophulariaceffi. 400, Ovary of Tulip. 401, Cross-section of ovary of Flax, S-celled, falsely 
lO-celled. 402, Ovary of Violet, 1-celled. 403, Ovary of Fuchsia, 4-celled. 404, Ovary of rocJc- 
rose, 1-celled, 5-carpelIed. 405. Gentianaceoe, 2-valved, 1-celled. 

529. A FEW PECULIAR FORMS of the stjle and stigma are worthy of note in our 
narrow limits, as the kLteral style of strawberry, the basilar style of the Labiatae 
and Borrageworts, the branching style of Emblica^ one of the Euphorbiaceae ; also, 

530. The globular stigma of Mirabilis; the linear stigma of Gyromia; the 
feathery stigma of grasses ; the filiform stigma of Indian com ; the lateral stigma 
of Aster ; the petaloid stigmas of Iris ; the hooded stigma of violet (3Yl — 379). 

531. Stigma wanting. In the pine, cedar, and the Coniferae generally, both the 
style and stigma are wanting, and the ovary is represented only by a flat, open, 
carpellary scale bearing the naked ovules at its base. 



THE OVULES. 

532. Their nature. Destined to become seeds in the fruit ovules 
are understood to be altered buds. Their development from the mar- 
gins and inner surface of the carpel favors this view ; for the ordinary 
leaves of Bryophyllum and some other plants do habitually produce 
buds at their margin or on their upper surface ; and in the mignonette 
ovules themselves have been seen transformed into leaves. 
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406, Pistil of Celosia, the pericarp detached showing the young ovules. 418, Flower of Rhu- 
barb ; pericarp removed showing the young ovule. 407, A similar ovule (orthotropous) of 
Polygonum. 408, Th» same, full grown ; foramen at top. 409, Section showing its two 
coats, nucleus and sac. 410, Anatropons ovule, as of columbine ; a, foramen. 411, Section of 
same. 412, Campylotrbpous ovule, as of Bean ; a, foramen. 414, Section of a cherry, ovule 
anatropous, suspended. 415, Section of carpel of Banunculus; ovule ascending. 416, Senccio; 
ovule erect 41T, Hippuris; ovule pendulous. 

633. The number of ovules in the ovary varies from one to hun- 
dreds. Thus in buttercups, Compositae and grasses the ovule is solitary; 
in Umbeliferae it is also solitary in each of the two carpels ; in the Pea 
Order they are definite, being but few ; in Mullein, Poppy, indefinite^ oo), 
too many to be readily counted. 

534. The position of the ovule in the cell is defined by certain 
terms as follows; erect, when it grows upwards from the base of the 
cell, as in Compositse ; ascending, when it turns upwards from its point 
of lateral attachment; horizontal, when neither turning upwards nor 
downwards ; pendulous, when turned downwards, and suspended, when 
growing directly downwards from the top of the cell, as in birch. (315, 
316, 31V, 319). 

535. The ovule at the time of flowering is soft and pulpy,, 
consisting of a nucleus within two coats, supported on a stalk. The 
stalk is c2X\AdL funiculus ; the point of its juncture with the base of the 
nucleus is the chalaza. The nucleus was first formed, then the tegmen 
or inner coat grew up from the chalaza and covered it, and lastly the 
outer coat, the testa, invested the whole. Both coats remain open at 
the top by a small passage, the micropyle. 

536. Change of position. In most cases the ovule, in the course 
of its growth, changes position, curving over in various degrees upon its 
lengthening funiculus or upon itself. When no such curvature exists, 
and it stands straight, as in the buckwheat order, it is orthotropous. It is 
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537. AnatropouS when completely inverted. In this state a por- 
tion of the funiculus adheres to the testa, forming a ridge called raphe, 
reaching from the chalaza to the hilum, 

538. It IS CAMPYLOTROPOts when curved upon itself. In this state 
the micropyle is brought near to the chalaza, and both are next the 
placenta, as in the pinks and Cruciferse. 

539. Amphitropous when half inverted, so that its axis becomes 
parallel with the placenta, as in mallow. Here the raphe exists, but 
is short. In campylotropous there is no raphe. 

The ovule contains no young plant (embryo) yet ; but a cavity, the 
embryo sac, is already provided to receive it just within the tipper end 
of the nucleus. 

540. The relations op the ovule to the pollen grain will be more suit- 
ably discussed hereafter under the head of fertilization. "We briefly remark here 
that the immediate contact of the two is brought about at;fche time of flowering by 
special arrangements ; and that, as the undoubted result of their combined action, 
the embryo soon after originates in the embryo sac. , 



CHAPTER XIII, 

THE FRtTIT. 



541. Its origin* After having imbibed the pollen which the an- 
thers have discharged, the pistil or its ovary continues its growth and 
enlargement, and is finally matured in the form of the peculiar fruit 
of the plant. The fruit is, therefore, properly speaking, the ovary 
brought to perfection. 

542. State op the other parts in PRtrr. The other organs of the flower, 
having accomplished their work, the fertilization of the ovary, soon wither and fall 
away. Some of them, however, often persist, to protect or become blended with 
the ripening fsm%. Thus the tube of the superior calyx (§ 446) always blends with 
the ovary in fruit, as in currant, cucumber, apple, etc. In Oompositse the persistent 
limb enlarges into the pappus of the fruit. In buttercups the fruit is beaked with 
the short, persistent styU^ In Clematis, Geum, it is caudai6 (tailed) with the long, 
growing style. In the Potato tribe, Labiatse, and many others^ the infwior ccUyx 
continues to vegetate like leaves until the fruit ripens. 

543. CoNSOLmATEn fruit. In some cases the fruit, so-called, consists of the re- 
ceptacle and ovaries blended, as in blackberry, strawberry. Again, in mulberry, 
fig, pine-apple, the whole inflorescence is consolidated into the matured fruit. 

544. A RULE AND exception. As a rule, the structure of the fruit 
agrees essentially with that of the ovary. In many cases, however, the 
fruit undergoes such changes in the course of its growth from the ovary 
as to disguise its real structure. An early examination, therefore, is 
always more reliable in its results than a late one. 
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545. Foe example, the oak-acom is a fruit with but one cell and one seed, al- 
though its ovary had three cells and six ovules 1 This singular change is due to the 
non-development of five of its ovules, while the sixth grew the more rapidly, oblit- 
erated the dissepiments by pressing them to tlio wall, and 
filled the whole space itself Similar changes characterize 
the chestnut, hazelnut^ and that whole order. Tlie ovary of 



418 





418, Section of the ovary of nn acorn, 8-ceIled, 6-ovuled. 420, Section of ovary of Birch, 
2-ce!le(l, 2-ovuled. 419, Vertical section of the same in fruit. 422, Pericarp of Mignionette open 
soon after flowering. 421, Naked seed of Taxus Canadensis, surrounded, not covered by the 
fleshy pericarp. » 

the birch is 2-celled, 2-ovuled ; but. by the suppression of one cell with its ovule, 
the fruit becomes 1 -celled and 1-seeded. 

546. On the other hand the cells are sometimes multiplied in the fruit by the 
formation of false partitions. Thus the pod of thorn-apple (Datura) becomes 4-celled 
from a 2-celled ovary, and the longer pods of some leguminous plants have cross- 
partitions formed between the seeds. 

426 427 




424 



423 



428 425 

Capsule, 427, of Scrophularia, 2-cclled ; 423, of Datura Stramonium ; 425, of Iris ; 426, show- 
ing its mode of dehiscence (loculicidal) ; 424, of Colchicum, 8-celled. 428, Regma, ripe fruit of 
Geranium, the carpels (cocci) separating from the axis and bending upwards on the elastic styles. 



PERICARP. 



The fruit consists of the pericarp and the seed. 

54:1. The pericarp (jTept, around) is the envelope of the seeds, con- 
sisting of the carpels and whatever other parts they may be combined 
with. It varies greatly in texture and substance when mature, being 
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then either dry, as the pea-pod, or succulent^ as the currant. Dry peri- 
carps are membranous^ or coriaceous (leathery), or woody. Succulent 
pericarps may be either wholly so, as the grape, or partly so, as the 
peach and other stone fruit. 

548. Pericarp closed or open. With very few exceptions the 
pericarp encloses the seed while maturing. In mignonette (322), 
however, it opens, exposing the seed, immediately after flowering. The 
membranous pericarp of cohosh (Leontice) falls away early leaving the 
seed to ripen naked. In yew (Taxus) the seed is never enclosed wholly 
by its fleshy pericarp.; but in most of the other Coniferae, the close- 
pressed, carpellary scales cover the seeds. One-seeded fruits, like those 
of butter-cups, etc., are liable to be mistaken for naked seeds. 

549. Dehiscence. The fleshy pericarp is always indehiscent. Its 
seeds are liberated only by its decay, or bursting in germination. So 
also in many cases the dry pericarp, as the acorn. But more commonly 
the dry fruit, when arrived at maturity, opens in spme way, discharging 
its seeds. Such fruits are dehiscent. . 

550. Modes. Dehiscence is either valvular, porous, or circumscis- 
sile ; valvular^ when the pericarp opens vertically along the sutures, 
forming regular parts called valves. These valves may separate quite 
to the base, or only at the top, forming teeth, as in chickweed. We 
notice four modes of valvular dehiscence, viz. : 

1, Sutural, when it takes place at the sutures of any 1-celled peri- 
carp, as columbine, pea, violet. 




^ 



429 480 4S1 

Dehiscence ; 429, sepUcidal ; 480, loculloldftl ; 481, septlfragal. 

2, Septicidal (septum^ partition, ccBdo^ to cut), when it takes place 
through the dissepiments (which are double, § 525). The carpels thus 
separated may open severally by sutures, (Mallows), or remain inde- 
hiscent, as in Vervain. 

3, Loculicidal {loculus, a cell, ccedo, to cut), when each carpel opens 
at its dorsal suture directly into the cell (evening-primrose, lily). Here 
the dissepiments come away attached to the middle of the valves. 

4, Septifragal {septum^ and frango^ to break), when the valves 
separate from the dissepiments which remain still united in the axis 
(Convolvulus). 
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551. Porous dehiscence is exemplified in the poppy, where the seeds 
escape by orifices near the top of the fruit. It is not common. 

552. CiRCUMSCissiLE (circumscindoj to cut around), when the top 
of the ovary opens or falls off" like a lid, as in Jeflfersonia, henbane, 
plantain. 

553. Carpophore. Some fruits, as the Gerania and TJmbeliferaB, are 
furnished with a carpophore, that is, a slender column from the recep- 
tacle, prolonged through the axis of the fruit, supporting the carpels. 

554 The morphology of the pericarp is exceedingly diversified, but it will suf- 
fice the learner at first to acquaint himself with the leading forms only, such as are 
indicated in the foUowing synopsis and more definitely described afterward. 

555. The following is a synopsis of the principal forms of Pericarps. 

§ 1. FREE FRUITS (FORMED BY A SINQLB PLOWER). 



* Pericarps indehiscent, 

f "With usually but one seed, and 
J Uniform, or 1-coated. 

1. Separated from the seed. 

2. Inflated, often breaking away. 

3. Inseparable from the seed. 

4. Invested with a cupule (involucre). 
6. Having winged appendages. 
Double or triple-coated, fleshy or fibrous. 

6. Three-coated. Stone cell entire. 

7. Two-coated. Stone cell 2-parted. 

8. Drupes aggregated. 
f With two or morejseeds, 

j: Immersed in a fleshy or pulpy mass. 

9. Bind membranous. 

10. Rind leathery, separable. 

11. Rind hard, crustaceous. 
J Inclosed in distinct cells. 

* Pericarps dehiscent. 

12. Dehiscence circumscissile. seeds oo . 
f Dehiscence valvular or porous ; 

X Simple or l-carpeled, 

13. Opening by the ventral suture. 

14. Opening by both sutures. 

15. Legume jointed. 
J Compound pericarps; 

16. Placentae parietal with two cells. 

Silique short. 
IT. Placentae parietal only when 1-celled. 
18. Capsule with carpophore and elastic style 

§ 2. confluent fruits (formed of an inflorescence). 

* "With open carpels aggregated into a cone. Strobile (pine). 

* With closed carpels aggregated into a mass, as in the fig, mulberry, Osage-orange, 

pine-apple, etc. 

8 



Achenium (buttercups). 
Utricle (pigweed). 
Caryopsis (grasses). 
Glans (oak). 
Samara (ash). 

Drupe (cherry). 
Tryma (walnui). 
Etaerio (raspberry). 



Berry (gooseberry). 
Hesperidum (orange). 
Pepo (squash) 
Pome (apple). 

Pyxis (henbane). 



Follicle (columbine). 
Legume (pea). 
Loment (Desmodium). 

Silique (mustard). 
Silicle (shepherd's purse). 
Capsule (flax). 
J. Regma (Geranium). 
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656.\ The achenium is a small, dry, indehiscent pericarp, free from 
the one seed which it contains, and tipped with the remains of the 
style (buttercups, Lithospermum). 

557. The double achenium of theUmbeliferae, supported on a carpophore is called 
cremocarp. The 2-carpeled achenium .of the Compositae, usually crowned with a 
pappus, is called cypsda. 

558. The achenia are often mistaken for seeds. In the Labiatse and Bor- 
rageworts they are associated in fours (3*12). In Geum, Anemone, etc., they are 
collected in heads. The rich pulp of the strawberry consists whoUy of the over- 
grown receptacle, which bears the dry achenia on its surface. (440). 

482 433 440 485 




484 437 48S 

482, Achenia of Anemone thalictroides. 433, Cremocarp of Archangelica oflScinalis, its halves 
(merocarps) separated ami suspended on the carpophore. 434, Cypsela of Thistle with its 
plumous pappus. 435, Utricle of Chcnopodium (pigweed). 436, Caryopsis of Wheat. 437. 
Samara of Elm. 433, Glans of Beech. 489, Drupe of Prunus. 440, Fruit of Fragaria Indica, a 
fleshy torus like the strawberry. 

559. The utricle is a small,- thin, pericarp fitting loosely upon its 
one seed, and often opening transversely to discharge it (pigweed, 
prince's feather). 

560. Caryopsis, the grain or fruit of the grasses, is a thin, dry, 1- 
seeded pericarp, inseparable from the seed. 

561. Samara ; dry, 1-seeded, indehiscent, furnished with a mem- 
branous wing or wings (ash, elm, maple). 

662. Glans or jsut ; hard, dry, indehiscent, commonly 1-seeded by 
suppression (§ 645), and invested with a persistent involucre called a 
cupule, either solitary (acorn, hazelnut) or several together (chestnut, 
beechnut). 

663. Drupe, stone-fruit ; a 3-coated, 1-celled, indehiscent pericarp, 
exemplified in the cherry, peach. The outer coat (epidennis) is called 
the epicarp, the inner is the nucleus or endocarp, hard and stony ; the 
intervening pulp or fleshy coat is the sarcocarp {oap^, flesh). These 
coats are not distinguishable in the ovary. 
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564. Tryma, a kind of dryish drupe, 2-coated, the epicarp fibro- 
fleshy (butternut) or woody (hickory), the nucleus bony with its cell 
often deeply 2-parted (cocoa-nut). 

565. EtuErio, an aggregate fruit consisting of numerous little drupes 
united to each other (raspberry) or to the fleshy receptacle (black- 
berry). 

566. Berry, a succulent, thin-skinned pericarp holding the seeds 
loosely imbedded in the pulp (currant, grape). 

567. Hesperidum, a succulent, many-carpeled fruit, the rind thick, 
leathery, separable from the pulpy mass within (orange, lemon). 

568. Pepo, an indehiscent, compound, fleshy fruit, with a hardened 
rind and parietal placentae (melon). 

569. The pome is a fleshy, indehiscent pericarp formed of the per- 
manent calyx, containing several cartilaginous (apple) or bony (haw) 
cells. 

570. The pyxis is a many-seeded, dry fruit, opening like a lid by 
a circumcissile dehiscence (plantain, henbane, Jeffersonia). 

571. The follicle is a single carpel, 1-celled, many-seeded, opening 
at the ventral suture (columbine, larkspur, silk-grass). 

572. The legume or pod is a single carpel, 1-celled, usually splitting 
into two valves, but bearing its l-oo seeds along the ventral suture only, 
in one row, as in the bean and all the LegimainosaB. It is sometimes 
curved or coiled like a snail-shell (Medicago). 

573. The loment is a jointed pod, separating across into 1-seeded 
portions (Desmodium). 

574. SiLiQUE. This is also a pod, linear, 2-carpeled, 2-valved, 2- 
celled by a false dissepiment extended between the two parietal pla- 
centae. To this false dissepiment on both sides of both edges the 
seeds are attached (mustard). 

575. SiLiCLE. This is a short silique, nearly as wide as long (shep- 
herd's purse). The silique and silicle are the peculiar fruit of all the 
Cruciferae. 

576. Capsule (casket). This term includes all other forms of dry, 
dehiscent fruits, compound, opening by as many valves as there are 
carpels (Iris), or by twice as many (chickweed), or by pores (poppy). 

577. The regma is a kind of capsule like that of the Geranium, 
whose dehiscent carpels separate elastically but still remain attached 
to the carpophore. 

578. Strobile or cone ; an aggregate fruit consisting of a conical 
or oval mass of imbricated scales, each an open carpel ( $ flower), 
bearing seeds on its inner side at base, i. e,, axillary seeds (pine and the 
Gymnosperms generally). 

579. The cone (synoarpium, aw, together) of the Magnolia tribe 
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449 



441 




447 445 44S 444 448 

Fruits. 441, -Etaerio of Rubus strigosus (Blackberry). 443, Pepo ; section of cucumber. 449, 
Berry, Grape. 443, Pome, Crattegus (Haw). 444, Pyxis of Jcffersonia. 445, Legume of Pea. 
446, Loment of Desmodium. 447, Silique of Sinapis. 44S, Silicle of Capsella. 

is a mass of confluent, closed pericarps on a lengthened torus (cucum- 
ber tree). 

580. The fig (syconus) is an aggregate fruit, consisting of numer- 
ous seed-like pericarps inclosed within a hollow, fleshy receptacle where 
the flowers were attached. 

581. Other confluent fruits (sorosis) consist of the entire in- 
florescence developed into a mass of united pericarps, as in the mul- 
berry, osage-orange, pine-apple. 

451 





449, bis, Strobile of Pinus. 450, The Fig (syconus). 451, Sorosis of Mulberry. 452, Hip of Rosa, 
achmla nearly inclosed in the leathery calyx tube. 
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CHAPTER XIV, 



TPIE SEED. 



582. The seed is the perfected ovule, having an embryo formed with- 
in, which is the rudiment of a new plant similar in all respects to the 
original. The seed consists of a nucleus or kernel invested with 

583. The integuments or coverings. The outer covering is the 
testa^ the inner the legmen^ as in the ovule. The latter is thin and 
delicate, often indistinguishable from the testa. 




Seed of Water-Lily (Nymphflca), enlarged section ; alh,^ albumen ; « , the embryo contained 
in the embryo-sac ; «, secundine or tegmen ; p, primine or testa ; r, raphe , a/', aril ; m, mi- 
cropyle ; / funiculus. 468, Seed of Bean. 464, Same, one cotyledon with the leafy embryo. 
461, Seed of Apple. 462, One cotyledon showing the raphe and embryo. 460, Fruit of Mirabi- 
lis ; embryo coiled into a ring. 454, Onion ; embryo colled. 465, Convolvulus ; leafy embryo 
folded. 456, Embryo of Cuscuti. 457, Typha. 45S, Ranunculus. 459, Hop. 

684. The testa is either membranous (papery), coriaceous (leath- 
ery), crustaceous (horny), bony, woody, or fleshy. Its surface is gen- 
erally smooth, etc. (118, a). 

585. The coma must not be confounded with the pappus, which is a modi- 
fication of the calyx, appended to the pericarp, and not to the seed, as in the ache- 

nia of the thistJe, dandelion, and other CJompositae. Its intention in the economy 
of the plant cannot be mistaken, serving like the pappus to secure the dispersion of 
the seed, while incidently as it were, in the case of the cotton-seed, it furnishes 
clothing and employment to a large portion of the human race. 

586. The aril is an occasional appendage, partially or wholly in- 
vesting the seed. It originates after fertilization, at or near the hilum, 
where the seed is attached to its stalk (funiculus). Fine examples are 
seen in the gashed covering of the nutmeg, called mace, and in the scar- 
let coat of the seed of staff-tree. In the seed of Polygala, etc., it is but 
a small scale, entire or 2 -cleft, called caruncle. 



Digiti 



zed by Google 



118 



THE SEED. 




465 



464 463 



58 1. The position op the seed in the pericarp is, 
like that of the ovule, erecty ascending^ pendulous, etc. 
{§ 534). Likewise in respect to its inversions, it is orihd- 
iropouSj andtropouSj amphiiropouSj and campyldtropous 
(§ 536), terms already defined. The andtropous is by 
iar the most common condition. 

588. The hilum is the scar or mark left in 
the testa of the seed by its separation from the 
funiculus. It is com- 
monly called the eye, as 
in the bean. In ortho- 
tropous and campylo- 
tropous seeds, the hilum 
corresponds with the 
chalaza (§535). In other 
conditions it does not, 
and the raphe (§537) ex- 
tends between the two 
points, as in the ovules. 




461 460 462 

460, Aril of Euonymua. 461, Aril of Nutmeg (mace). 462, 
Seed of Polygala, embryo, caruncle, c, (too small.) 463, Seed 
of Catalpa. 464, Seed of Willow. 465, Seed of Cotton. 

589. The seed kernel may consist of two parts, the embryo and 
albumen, or of the embryo only. In the former case the seeds are 
albuminous^ in the latter, exalbuminouSj a distinction of great import- 
ance in systematic botany. 

590. The albumen is a starchy or farinaceous substance accom- 
panying the embryo and serving as its first nourishment in germina- 
tion. Its qualities are wholesome and nutritious, even in poisonous 
plants. Its quantity when compared with the embryo varies in every 
possible degree ; being excessive (Ranunculaceae), or about equal ( Vio- 
laceae), or scanty (Convolvulaceae), or none at all (Legurainosae). In 
texture it is mealy in wheat, mucilaginous in mallows, oily in Ricinus, 
horny in coffee, ruminated in nutmeg and pawpaw, ivory-like in the 
ivofy-palm (Phytelephas), fibrous in cocoa-nut, where it is also hollow, 
enclosing the milk. 

591. The embryo is an organized body, the rudiment of the future 
plant, consisting of root (radicle), stem-bud (plumule)^ and leaves 
(cotyledons). But these parts are sometimes quite undistinguishable 
until germination, as in the Orchis tribe. 

592. The radicle is the descending part of the embryo, almost al- 
ways directed towards the micropyle, the true axis of the seed. 

593. The plumule is the rudimentary ascending axis, the terminal 
bud, located at the base of, or between 

594. The cotyledons. These, the seed-lobes, are the bulky, fari- 
naceous part of the embryo, destined to form the first or seminal leaves 
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of the young plant. The nutritive matter deposited in the seed for the 
early sustenance of the germinating embryo is found more abundant 
in the cotyledons in proportion as there is less of it in the albumen, — 
often wholly in the albumen (wheat), again all absorbed in the bulky 
cotyledons (squash). 

595. The number of the cotyledons is variable, and upon this 
circumstance is founded the most important subdivision of the Phaeno- 
gamia, or Flowering-plants. 

696. The monocotyledons are plants bearing seeds with one coty- 
ledon, or if two are present, one is minute or abortive. Such plants 
are also called Endogens^ because their stems grow by internal accre- 
tions (§ 716). Such are the grasses, the palms, Liliaceae, whose leaves 
are mostly constructed with parallel veins. 

597. The dicotyledons are plants bearing seeds with two cotyle- 
dons. These are also called Exogens^ because their stems grow by ex- 
ternal accretions, including the Bean tribe, Melon tribe, all our forest 
trees, etc. These are also distinguished at a glance by the structure of 
their leaves, which are net-veined (§ 258). 

598. More than two cotyledons. The Pine and Fir have seeds 
with several cotyledons, while the dodder is almost fhe only known 
example of an embryo with no cotyledon. 

466 467 463 469 





466, Dicotyledonous (Bean). 467, Monocotyledonous (Wheat). 468, Polycotyledonous (Pine). 
469, Acotyledonous (zoospore of one of the Confervae). (r, r, r, radicle ; p, p, i>, plnmule \CyC,c^ 
cotyledon ; a, albumen). 

599. The position of the embryo, whether with or without albu- 
men, is singularly varied and interesting to study. It may be straight^ 
as in cat-tail, violet, or curved in various degrees (moon-seed, pink), or 
coiled (hop), or rolled (spice-bush), or bent angularly (buckwheat), or 
folded (Cruciferse). In the last case three modes are to be specially 
noticed. 1, Incumbent^ when the cotyledons fold over so as to bring 
the back of one against the radicle (shepherd's purse) ; 2, accumbent, 
when the edges touch the radicle (Arabis). 
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600. The leafy nature of the cotyledons ia often distinctly manifest in their 
form and structure, as in Convolvulus (455). 

A few plants, as the onion, orange, Coniferse, occasionally have two or even sev- 
eral embryos in a seed, while all the Cryptogamia or flowerless plant^ have no 
embryo at all, nor even seeds, but are reproduced from spores^ bodies analogous to 
the pollen grains of flowering plants (469). 

OFFICE OF THE SEED. 

601. Its nature and use. After the embryo has reached its 
wonted growth in the ripened seed, it becomes suddenly inactive and 
torpid, yet still alive. In this condition it is, in fact, a living planty 
safely packed and sealed up for transportation. This is the distinctive 
and wonderful nature of the seed. 

602. Longevity op the seed. This suspended vitality of the seed may endure 
for years, or even, in some species, for ages. The seeds of maize and rye have 
been known to grow when 30 to 40 years old; kidney-beans when 100 ; the rasp- 
berry after ITOO years (Lindley), and kernels of wheat found in a mummy-case, 
and therefore 3000 years old, were a few years ago successfully cultivated in G«r-, 
many and England (Schleiden). Seeds of Mountain PotentUla (P. tridentata) were 
known to us to germinate at Meriden, N. H., after a slumber of 60 years. On the 
other hand the seeds of some species are short-lived, retaining vitality hardly a 
year (Coffee, Magnolia). 

603. In order that seeds mat long retain their vitality they 
must be kept dry. But an even temperature is by no means neces- ' 
sary, as they are generally able to resist all the changes of our climate 
from many degrees below, zero to 110° above, provided no moisture 
is present. 

604. The dispersion op seeds over wide, and often to distant regions is ef- 
fected by special agencies, in which the highest intelligence and wisdom are clearly 
seen. Some seeds made buoyant by means of the coma, or pappus, already men- 
tioned, are wafted afar by the winds, beyond rivers, lakes and seas ; as the thistle, 
dandehon, silkgrass. 

605. Seeds are also furnished wtih wings for the same purpose. Others 
are provided with hooks or barbs, by which they lay hold of men and animals, and 
are thus, by unwilling agents, scattered far and wide (burr-seed, tick-seed). 

606. Other seeds, destitute of all such appendages, are thrown to a distance by 
the sudden coiling of the elastic carpels (touch-me-not). The squirting cucumber 
becomes distended with water by absorption, and at length, when ripe, bursts an 
aperture at base and projects the mingled seeds and water with amazing force. 

607. Transportation. Rivers, streams, and ocean currents are all means of 
transporting seeds from country to country. Thus the cocoa and the cashew-nut 
and the seeds of mahogany have been known to perform long voyages without in- 
jury to their vitality. Squirrels laying up theu* winter stores in the earth, birds 
migrating from clime to clime, and from island to island, in like manner conspire to 
effect the same important end. 
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GERMINATION. 

608. Definition. The recommencement of growth in the seed is 
called germination. It is the awakening of the embryo from its tor- 
por, and the beginning of development in its parts already formed, so 
as to become a plant like its parent. 




Germination of the Beach-nut 470, Gross-section, showing the folded cotyledons. 471, The 
radicle only. 472, The ascending axis, above c, appears. 478, The cotyledons expand into the 
primordial leaves. 474, The first true leaves. 

C09. Experiment. All tlie stages of this interesting process may be conveni- 
ently observed, at any season, by an experiment. Let a few seeds, as of flax, 
cotton, wheat, pea, be enveloped in a lock of cotton resting upon water in a bulb- 
glass, and kept constantly at a proper temperature. Or, in spring, the garden soil 
will give us examples of all kinds everywhere. 

610. That the seed may begin to grow, or germinate, it is first 
planted, or, at least, placed in contact with warm, moist soil. Con- 
cerning the proper depth of the planted seed agriculturalists are not 
agreed ; but nature seems to indicate that no covering is needed beyond 
what will secure the requisite moisture and shade. 

611. The process commenced. Thus situated the integuments 
gradually absorb water, soften and expand. The insoluble, starchy 
matter deposited in the cotyledons, or in the albumen, or in both, un- 
dergoes a certain chemical change, becoming sweet and soluble, capable 
of affording nourishment to the embryo now beginning to dilate and 
develop its parts. First (in the winged seed of the maple, scattered 
everywhere) the radicle is seen protruding from the micropyle, or the 
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bursting integumeDt A section of this seed would now show the folded 
embryo impatient of confinement. 




481 



Ocrmiaation of the Maple. 475, Samara ; section showing the folded cotyledons at c. 
476— 4S0, Progressive stages. 

612. The PROCESS concluded. Soon the radicle has extended, and, 
pale in color, has hidden itself in the bosom of the dark, damp earth. 

Now the cotyledons, unfolding and grad- 
ually freed from the seed coats, display 
themselves at length as a pair of green 
leaves. Lastly the plumule appears in 
open air, a green bud, already showing 
a lengthening base, its first internode, 
and soon a pair of regular leaves, lobed 
as all maple leaves. The embryo is 
now an embryo no longer, but a grow- 
ing plant descending by its lower axis, 
ascending and expanding by its upper. 
613. What becomes of the cotyledons. 
The germination of the tulip-tree, oak, pea, 
squash, and other Dicotyledons maybe watched 
with equal advantage, and the chief difforenco 
observed among them will be in the disposal 
of the cotyledons. In general, these arise with 
the ascending axis, as in the maple and bean, 
and act as the first pair of leaves ; but some- 
times, when they are very thick, as in the pea, 

_ , . buck-eye. oak (6 — 9), they remain as first 

Germination of Wheat; o, the grain . , .*. *r,^ Ln " /q n q\ „«uu«.. „„«««^ 
* 1 1 *u 4. ^ A \ ^i««,.,i«. ^ placed with the collum (§ 118), neither ascend- 
containinj; the cotyledon ; <•, plumule; r, tr \o n -» 

radicle; «, rootlets (adventitious). ing nor descendmg. 
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614. The germination of monocottledons, as seen in Indian corn, 
wheat, tulip, is in this wise. The cotyledon is not disengaged from the 
seed, but remains stationary with 

it. The radicle (r) protrudes 488 484 

slightly and one or more rootlets 
(s) break out from it and descend. 
The plumule (r) shoots, at first 
parallel with the cotyledon along 
the face of the seed, but soon as- 
cends, pushing out leaf from with- 
in leaf. 

615. The conditions requisite 
for germination are moisture, air, 
and warmth. 

616. Moisture is necessary for 
softening the integuments, dis- 
solving the nutritive matter, and 
facilitating its circulation. This is 
supplied in the rain and dew. 

617. Air, or rather its oxygen, 
is r6quired for the conversion of 
the starch into sugar — a process 
always depending upon oxydation. 

The oxygen absorbed unites with a portion of the carbon of the starch, 
producing heat, evolving carbonic acid, and thus converting the re- 
mainder into grape sugar, soluble and nutritive. 

618. "Warmth is a requisite condition of all vital action, as well in 
the sprouting of a seed as in the hatching of an figg. The proper de- 
gree of temperature for our own climate may be stated at 60° to 80°. 
Extremes of heg{t and of cold are not, however, fatal to all germination. 
In one of the Geysers of Iceland, which was hot enough to boil an Qgg 
in four minutes, a species of Chara was found in a growing and fruitful 
state. A hot spring in the island of Luzon, which raises the thermo- 
meter to 187°, has plants growing in it and on its borders. Many 
species of plants also seem well adapted to growth in the Arctic 
regions. 

619. Darkness is favorable to germination, as proved by experiment, but not 
an indifq^ensable condition. Hence, while the seed should be covered for the sake 
of the moisture and shade, the covering should be very thin and light, for the sake 
of a free access to air. 




488, 484, Germination of Indian Corn. 



Digiti 



zed by Google 



124 



THE CTYPTOGAMIA OR FLOWKRLESS PLANTS. 



485 




620. The cause op the downward tendency of 
THE BOOT is a theme of much discussion. Some have 
referred it to the principle of gravitation ; others to its 
supposed aversion to light. But it is a simple and satis- 
factory explanation that its growth or cell-development 
takes place most readily on the moist side of its growing 
point, and consequently in a downward direction, so long 
as the soil in contact with its lower surface is more moist 
than that above. Hence also the well-known tendency 
of roots toward springs and water-courses. 



CHAPTEE XV. 



THE CRYPTOGAMIA OR FLOWERLESS PLANTS. 

621. Distinction of parts. In the lowest 
of the Cryptogamic tribes the organs of vege- 
tation and of reproduction are the same. Each 
cell in the structure grows, nourishes, multiplies. 
Higher in the scale we find a gradual specializa- 

485, a Tree Fern (of the Island . *^ - j • ^i. i . i . •, 

ofJava), 40 feet in height tiou of orgaus, and in the higher tribes, as in 

A Fern, Polypodium 
vulgare. 486, Its frond. 
497, Lobe of the frond en- 
larged, showing the sori, 
488, One of the sori (mag- 
nified) consisting of many 
sporangi. 489, One spor- 
ange (further magnified) 
bursting and discharging 
the spores. 490, A spore. 
491, Spores beginning to 
germinate ; and 492, 498, 
producing the prothallus 
with rootlets. At a ap- 
pear the untheridia and 
at & the archegones on the 
Burface of the prothallus. 
494, Antherldium. 495, 
One of its cells. 496, The 
same burst ; and 497, the 
spermatozold escaped. 
These float about, and 
some of them at length 
enter, 498, the archegone, 
fertilizing, and at length 
producing, 499, the young 
Fern. 500, Sorus of As- 
pldium marginale, covered 
with the indvMum. 601, 
Same, side view. 




Digiti 



zed by Google 



THE CRYPTOGAMIA OR FLOWERLE83 PLANTS. 



125 



the Phaenogamia, one portion is devoted to the preservation of the in- 
dividual, the other to the preservation of the species ; in other vFords, 
the organs of vegetation and of reproduction become separate and dis- 
tinct. 

622. Distinguished prom Phaenogamia. But the reproductive or- 
gans, although distinct from the nutritive, are never seen combined into 
flowers, nor producing seeds marked by the presence of an embryo. 
Hence in the scale of rank the cryptogams are inferior to the flowering 
plants and easily distinguished from them. 

623. Vegetative organs. 
Again in the lower tribes,, 
viz., the seaweeds, Fungi and 
Lichens, there is no distinc- 
tion of root, stem and leaves ; 
but the entire plant grows 
into an expansion of substance 
more or less uniform and in- 
definite, called a thallus. But 
the higher Hepaticae, mosses, 
club-mosses,Equisitaceae, ferns 
and marsileads, possess stems, 
roots and leaves like the 
Phaenogamia. 




ii&»« 



502 



508 



604 



606 



502, Equisetum arvense. 603, K sylvaticam. 504. 
Section of the spike. 505, A sporangc. 506, A sporo 
witbi its elators coiled. 




507, Lycopodium dendroidenm. 603, A 
single spike. 509, a scale with its sporange 
barsting. 510, Spores. 



624. Classes. The tribe last 
mentioned are embraced in the class 
Acrogens, so named by Lindlcy from 
their manner of growth {d/cpov, point 
or summit), lengthening into an axis. 
The remaining three tribes first 
named above constitute the lowest 
class of the vegetable kingdom, called 
Thallogens, and named from their 
manner of growth. 

625. The stems of the marsi- 
leads and ferns are mostly rhizomes, 
but in tropical countries some species 
of the latter arise on firm aerial 
trunks like palms. The club-mosses 
have slender, woody stems much in- 
clined to bifurcate. Those of the 
Equisetaceae, Characeae are jointed, 
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511, Chara foetida. 512, 
Portion of a branch ; the 
two reproductive organs* 
a, Globule; b, nucule. 



bearing slender, whorled, leafless branches. The 
mosses and HepaticsB have filiform stems and 
branches, erect and creeping. Fern leaves and 
mushrooms arise on stipes. 

626. Leaves. The ferns are characterized by 
their great development of leaves called fronds. 
They are rarely simple, often pinnatifid, or pin- 
nate, simply, doubly or triply. Their venation, is 
fork- veined and their vernation circinate. The 
leaves of the mosses and Hepatica) are veinless 
and delicate, mostly ovate and entire, numerously 
covering the axis. Those of the latter are often 
garnished with stipule-like processes called am- 
phigastria. 

627. TiiALLus. The vegetative system of the Thallogens consists 
cither of delicate filaments or of flattened membranes, varying in color 
through every shade and hue. In Marchantia, lichens, and seaweeds it 
is green, olive or red, and called 
thallus. It may resemble a leaf 
or a stem, but its functions are 
still the same. In size it varies 
from the microscopic Confervse 
to the gigantic seawrack, a fur- 
long in length. Its structure is 
purely cellular and uniform, or, 
as in Marchantia, in layers. 

628. Mycelium or spawn is 
the vegetative system of the 
Fungi, distinguished from thalli 
by its want of coloring matter 
in its cells. It consists of 
meshes of white or colorless 
filaments, branching and anas- 
tamosing to form entangled 
masses pervading the substance 
in which the Fungus grows. It 
is far less conspicuous than the fructification (toad-stool, etc.) which 
iiltimately arises fi*om it. 

629. The reproductive organs of the Cryptogamia are the anthe- 
ridia and archegonia ; and by their reaction spores in various spore- 
vessels are produced. They have been detected in nearly all the cryp- 
togamic tribes, and are supposed to represent the stamens and pistils 




<7 

513 622 51T 616 
Mosses. 613, Polytrlchium. 514, Sporango with 
calyptra, without calyptra. 515, Sporange (en- 
larged) with the operculum at top. 516, Mnium, 
517, Sporange. 518, Bartraraia. 519, Sporango 
with calyptra. 520, Same mature, open. 521, Pe- 
ristome, with its teeth. 522, Antheridium and 
paraphases (a flower) of Polytrlchium. 
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Hepaticae. 523, Marchantia, sterile plant 524—5, Fertile plant 526, Vertical section jof 
the fertil-receptacle ; 527, of a periantli, showing the sporange bursting. 52S, One of the elators 
with four spores. 629, Portion of it highly magnified. 

543 544 

of the flowering plants. In the mosses, liver- 
worts, etc., they appear only on the full-grown 
plant ; in the ferns, Equisetaceae, etc., they ap- 
pear only on the prothallus, the earliest growth 
of the spore, and here the archegone gives birth 
to an embryo, whence at length tho true fern 
arises, while the prothallus dies away. 

630. Spores. These 
are the true reproductive 
germinating bodies of the 
Cryptogams. They con- 
sist each of a single cell, 
often exceedingly minute, 
and produced in immense 
numbers. The cell -wall 
of the spore may be sim- 
ple (Botrytis) or double, 
as if a cell within a cell 

/f ^ \ -R + +L MO 539 537 

^teins;. J5Ut tne spores p^^^. 537^ Af?ftricns (Mushroom) in various stages: «, 

arc often apparently tearing open the vol va; &, annulus, the remains of the veil 

double or 2-celled (iich-<«>' "'P''^: "-""f °"T '^ ^"""M'^" ''"^ S»' 

^ Basidia and spores from the same (magn. 400 diam.)' 540, 

ens), or 4-celled, or 6, 8, Cyathus; 541, Section. 542, One of the conceptacles. 543, 
or many-celled. These ^®°^*^^^*"°^ (mildew). 644, Mucor ; a, mycelium. 

compound spores are in' fact spore- vessels inclosing several spores yet 
miniature, and called sporidia or theca-spores. The spores or sporidia 
are often inclosed in still larger cells called the sac. 

631. Endospores and exospores. Spores are developed either in 
the interior of the parent cell or on the outside of it, and hence the di- 
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547 546 649 

Seaweeds (Algje). 545, Vaacherla forming an<l discharginir its 
spores (a) at tlie extremities. 546, Fucus; «, air-vessel; b, fruit, 
a mass of conceptacles. 547, Transverse section of a conceptacle. 
543, A spore with paraphases. 649, Hydrogastrum, consisting of a 
single cell. 550, Spirogyrae (Frogspittle) one of the Confervos ; a, 
two threads (thalli) conjugated, i. e., united by tubes. 

such sporiferous tissues existing in 
spots of definite form, constitute the 
apothecia when flat, receptacles when 
concave, and conceptacles when hol- 
low. 

632. The THBCiE or sporangia of 
ferns and mosses consist of tissues 
rather than of single cells, and contain 



division of the Cryp- 
togams into the En- 
pores and the 
Exospores. In the 
latter case the pa- 
rent-cells are called 
baaidia, and many- 
such united, as in 
the lichens' and 
mushrooms, form a 
tissue called hyme- 
nium. In lichens 




551, Frnstales of a Diatomaeeous Alga 
(Diatoma marinum) separating firom each 
other. 




Lichens, 630, Gladonia; the minnto thallas at the base of the podetla, cap-like above, bearing 
scarlet conceptacles. 581, Usnea. 532, Sticta. 588, Parmelia. 584, Receptacle, vertical sec- 
tion. 585, A portion (highly magnified) with thecae and paraphases. 536, A spore (doable). 

numerous spores. In ferns they grow on the back of the fronds in 
little clusters called sori. When mature, the sporange is torn open by 
the contraction of an elastic ring which surrounds it. In the mosses 
the sporange is stalked, solitary, terminal, and opens by a definite num- 
ber of teeth called the peristome. 

633. Zoospores and sperm atozoids are minute bodies endowed with 
spontaneous locomotion in water by means of vibratile cilisD. Zoospores 
of ovate form proceed from the vegetative cells of the Algae, swim 
about for a time, then settle down and grow into new plants. Sperma- 
tozoids are mostly filiform bodies with several cilisB, discharged from the 
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antheridia (as pollen?) and actively floating until they reach the arche- 
gones, or perish. 

634. Altebnatb generation is a phenomenon distinctly traced in many of the 
cryptogams. Thus the mosses, in germinating, first produce long, greenish fila- 
ments quite analogous to the Confervae (frog's-spawn). Prom these, at length, buds 
arise and grow into a true moss. Ferns, also, and Equisetaceae, first fix)m the spore 
exist in the form of a liverwort — a small green thallus, creeping and rooting along 
the ground. Secondly, upon this prothaUus reproductive organs are developed and 
an em}}ryo, whence a true fern arises. Thus the plant is transiently, as it were, a 
liverwort, permanently, a fern. (§21 — 23.) 

635. Other modes of propagation occur in these pl^ts, as, for example, by 
innovations^ sportUes, gonidia. These bodies are analogous to bulbs and bulblets 
in the flowering plants, originating from the nutritive organs, and capable of sepa- 
rating from the parent and growing up independent plants. 




558 658 554 655 656 657 

552, Zodspore of one of the Gonforre (Chaetophora). 658, Phytozodn of Chara. 554, Anthe- 
ridium of Fuoas containing two pbytozoa. 555, Zodspore of Confery» with a toft of cUioe. 556, 
AnoUier species with but two cilis. 557 Zodspore of Yaacheria with cilin all around. 
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PHYSIOLOGICAL BOTANY. 



CHAPTER I. 

OF THE VEGETABLE CELL. 

636. Revelations of the microscopb. We have now completed a brief sur- 
vey of the phenomena of visible vegetation. We commenced with the root and 
now the consideration of the seed with its embryo completes the circle and brings 
us around to the root again. We have studied hitherto superficially, as best we 
were able by the unassisted eye. But the microscope opens to us a new worid in 
botany, more wonderful and fair, if possible, than that which we have already sur- 
yeyed. No just appreciation of microscopic botany can be obtained from drawings 
or descriptions. Here the microscope itself is the only adequate teacher. 

637. Next inquiries. We have seen and studied the general organs of vegeta- 
tion and their metamorphoses ; but of what are these organs made ? What their 
structure within f What their office and use in the life and growth of the plant ? 
These inquiries must next be answered. 

638. Steucturb op plants cellular. An forms of vegetable structure, how- 
ever numerous and diverse, are alike composed of little bladders, called vescicles or 
ceUs. We can often discern the cells in some structures with the naked eye, as in 
the pith of elder, pulp of snowberry, and especially plain in the pulp of orange. 
Other structures, which appear as a solid mass to the eye, are seen at once, under 
the lens, to consist of ceUs also — even the most solid wood or the stony substance 
of the peach. A thin cutting (shaving) from the rhizome of the blood-root, magni- 
fied 100 diameters, appears in outline (to say nothing of its brilliant coloring) as here 
sketched (551). Therefore 

639. The cell is the elementary organism which by its repetitions 
makes up the mass of all vegetation. It is defined as a closed sac com- 
posed of membrane containing a fluid. 

640. The primary form of the cell is spheroidal. In some cases 
it retains this form during its existence, but generally, in growing, it 
takes new and various forms, which, on account of the two causes which 
control them, may be classed as inherent and casual. 

641. The inherent forms of the cell, or those which depend 
upon its own laws of growth, may be referred to three general types ; 
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657, Section of the rhizome of Blood-root. a^cuA bundle 
of wood-cells. The shaded cells contain the color. 



(1) spheroidal, like pollen grains, the red snow-plant, the cells of leaf- 
tissue, etc., varying to oblong, or lobed, or stellate ; (2) cylindrical, or 
tube-form, as most wood-cells are ; (3) tabular or flattened, as the cells 
of the epidermis. 

642. The casual forms 
result from external pres- 
sure, as of cells crowding 
against cells, in stems or 
pith. In this way spher- 
oidal cells may become cu- 
bical, 8-sided, 12-sided, 
etc ; tubiform cells pris- 
matic, and tabular cells 4- 
angled, hexagonal, etc., in 
outline according to the 
original pattern. 

643. In magnitude the plant 
cell varies from -^f^ to ^ J^^ of 
an inch in diameter ; the more 
common size is about ^^^ inch. 
The cells of elder pith measure 
about 2^|y inch : those of pa- 
renchyma (leaf-tissue) about ^^; consequently, 64,000,000 of them would occupy 
only one cubic inch. The cells of cork are computed to be y^ ^'^^ ^ diameter — 
1000 millions to a cubic inch. 

644. But the length of some cells is much more considerable. "Wood-cells 
measure 3*^ inch ; bark cells, as flax, hemp, nearly J inch ; the cells of some plant- 
hairs an inch or more. 

645. Thb wall of the new cell consists of two layers ; the outer one 
a firm, colorless membrane, made of cellulose, the inner a plastic, gelat- 
inous layer applied to the outer, and chiefly concerned in cell-life and 
multiplication. This is called the primordial utricle. 

646. It is best seen when treated with a weak solution of nitric 
acid, iodine, or alcohol. It thus becomes colored, contracts, and lies 
loose in the cell. 

64*7. The cell wall is easily permeated by fluids flowing in and 
out. It must, therefore, be regarded as porous ; although it appears 
perfectly entire even under the highest magnifier. 

648. A secondary layer is subsequently added to the outer layer, 
between it and the primordial utricle, as if to strengthen it. This new 
layer is seldom entire, but perforated and cleft in a great variety of 
patterns, leaving certain points or parts qf the cell-wall still bare 
and discernible by their transparency. Hence the following varieties 
of cells : — 
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649. Wood cells, whicli are finally filled up by the repetitions of 
the secondary layers, leaving only minute points of the original cell-wall 
bare and transparent 




560 559 . 561 

Forms of cells. 660, "Wood-cells. 661, Cellular tissue of a rootlet, etc. 

650. Pitted cells, a variety where larger transparent points appear, 
surrounded by 2 or 3 rings (pine and the Coniferae in general). 

651. Spiral cells, where the secondary layer consists of spiral fibers 
or bands. There may be a single fiber, or several (2 to 20) united 
into a band. It is usually elastic and may be drawn out and uncoiled. 

664 666 




663 665 

662, Polyhedral cells of parenchyma in pith of Elder. 663, Stellate cells In pith of Rush. 
665, Spherical cells in Hooseleek. 666, Wood-cells and ducts of Oak. 664, Wood-celld of 
the Flax-fiber. 

These beautiful cells may be well seen in a shoot of elder, in the petiole 
of rhubarb. Geranium, strawberry. In the two latter, if gently pulled 
asunder, the coiled fibers appear to the naked eye. 

652. Annular cells, when there are numerous rings within, instead 
of a spiral coil, as in the stems of balsam and some Cryptogamia. 

653. ScALARiFORM CELLS, whcu the rings seem conjoined by bars 
crossing between them, giving an appearance compared to a ladder 
(scala), as in the vine and ferns. Porous cells with the secondary 
layers full of perforations, reticulated cells, as if a net-work; and many 
other forms. 
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654. Cellulose, the material of which the outer cell-wallft and other 
secondary layers are made, is proved by a chemical analysis to consist 
of three simple elements, carbon, hydrogen, oxygen, in the proportions 
of C24 H20 Ojo, — carbon and the exact elements of water. In the 
material of the primordial utricle nitrogen is added. Out of these 
four simple elements (C H O N) with slight additions of lime, silex, 
and a few other earthy matters, God is able to produce all the count- 
less varieties of plants which clothe and beautify the earth. 

655. Contents op the cell. Some cells contain air only. Others 
are filled with solid matter ; but the greater part contain both fluids 
and solids. There is the cytohlast^ a globular atom, earliest of new 
cells; and protoplasm^ the nourishing semi-fluid, both of the same 
material as the primordial utricle, and with it, and the fluid cell-sap, 
ever flowing, acting, combining, transforming, and producing either new 
cells ot products like the following. 

656. The cOLOEiNa matter, which gives to fruits and flowers their bright and 
varying tints of yellow, red, and blue, is generally dissolved in the cell-sap which 
is otherwise colorless ; but 




667, Cells, a, of the pulp of Snow-berry, showing the nncleas; 6, of the parenchyma of the 
leaf of Pink, showing the grannies of chlorophylle. 66S, Cell of a Cactus, soaked in Alcohol, the 
primordial utricle separated and contracted. 569, Cell of pleurenchyraa of Pine, dotted. 570, 
Sketch to illustrate the nature of those dots ; a, dot seen in front ; 6, a side view of the same. 
671, Trachenchyma, a spiral cell from the sporange of Equisetum. 672, Spiral vessel of the 
Melon, single thread -^ 678, of the Elder, 4 threads. 574, Annular duct, distended by rings in- 
stead of a coil. 675, Scalariform vessels, from Osmnnda (Fern). 576, A dotted duct from Gym- 
nocladus (Coflfee-tree). 678. Spiral vessels apparently branched. 677, Branching spirals in 
the Gourd. 

657. Chlorophylle, the green coloringj matter of leaves, consists of 
green corpuscles floating in \he colorless sap or attached to the color- 
less wall. In the indigo plant these corpuscles are blue and constitute 
that poisonous drug. 
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658. The starch of the plant also originates here, in the form of 
little striated granules of the same composition as cellulose {C^ R^ 
Ogo). Some 20 such granules appear in the same cell, either loosely 
or compactly filling it. Starch is nutritive matter, sealed up for pre- 
servation and future use, 

579 588 684 585 5S2 




680 581 566 

Contents of cells. 579, Cells of Potato containing starch grains. 680, Starch grains from the 
potato ; 581, from the E. Indian Arrow-root 582, Raphldes, acicular crystals, in a cell of Poly- 
anthes tuherosaB. 583, Crystals in a cell of Cactus. 684, Cells from the pulp of Pear, coated in- 
ternally ; a longitudinal section ; 586, Transverse section. 586, Starch granules from W. Indian 
Arrow-root 

659. Ginf, SUGAR, SALTS, acids, alkalies, poisons, medicines, whatever is pecu- 
liar in the properties of each vegetable substance, may also be held in solution in 
the cell-sap and invisible, unless forming 

660. RAPHroES, little bundles of crystals, acicular or of some other form, seen in 
the cells of rhubarb, Cactus, Hyacinth. 

661. The development of new cells in the plant is the process of its growth. 
This is accomplished within the pre-existing cells and by the agency of their con- 
tents. The primordial utricle divides itself into two or more utricles, by septa 
growing from its sides until they meet. These then acquire the cellulose layer out- 
side, the cytoblast inside, at the expense of the old cell, which shortly gives place 
to its new progeny. Thus cells multiply, and by millions on millions build up the 
fabric of the plant. 



CHAPTEE II. 

THE TISSUES. 

662. One-celled plants. The cell, as heretofore described, is en- 
dowed with a life within itself. It can imbibe fluids, nourish itself, and 
reproduce others like itself It may, therefore, and actually does in 
some cases, exist alone as a plant ! Many species of the Confervoids 
and Diatomes are plants consisting of a single cell — the simplest possi- 
ble form of vegetation. 

663. Plants many-celled. With a few such exceptions, vei^etation 
consists of a combination of cells united in a definite manner and form. 
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Such combinations are called tissues, which we may describe under four 
general names or types : 

I. Cellular tissue (Parenchyma) : 

n. Fibrous tissue (Pleurenchyma) : 

III. Vascular tissue (Trachenchyma) : 

IV. Laticiferous tissue (Cienchyma). 

664. Parenchyma, composed of spheroidal cells, is the most com- 
mon form of tissue, no plant being without it, and many, especially of 
the lower orders, being entirely composed of it. Numerous varieties 
occur according to the forms of the cells and their closeness of contact, 
intermediate between the following extremes, 1, when there are copious 
intercellular spaces, the cells slightly touching, and being (a) rounded, 
or (b) lobed, or (c) stellate ; 2, when the cells are crowded, leaving no 
intercellular space and being (d) prismatic, or (e) polyhedral, or (/) ir- 
regular. 

665. Examples of these tissues are found (a) in the pulp of fruits, in newly-formed 
pith, and in all young growths ; (b) in the lower stratum of leaf-tissue ; (c) in the 
pith of rushes and other aquatic plants ; (d) in the herbaceous stems of Monocoty- 
ledons ; (e) everywhere, but well observed in full-formed pith ; {/) abundant in all 
the soil, fleshy parts of plants. 

666. Pleurenchyma is composed of elongated cells cohering by their 
sides in such a way that end overreaches end, forming a continuous ^6re. 
Two varieties are noticed (a) wood- r r ^^- 

fibre, with cells of moderate length, 
remarkable for its firmness, the 
main constituent of tl^ stems and 
trunks of the higher plants; (b) 
liber, with very long attenuated 
cells, the substance of the inner 
layers of bark, remarkable for its 
tenacity, especially in flax, hemp, 
linden. 

667. The pitted cells (§ 650) 
constitute a singular variety of 
wood-fiber, common in pines, firs, 
etc. That mysterious double ring 
which encircles each pit, is pro- 
jected, the inner by the pit itself, 
which is an aperture in the secondary layer, the outer by a lens-shaped 
intercellular cavity right opposite outside. (470). 

668. Trachenchyma is a tissue of vessels or tubes rather than cells. 
The vessels are extended lengthwise, and composed each of a row of 
cells joined end to end, and fused into one by the absorption of the 




579, Longitudinal section of Thuja (Red Cedar), 
a, Medullary rays. 
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contiguous walls. This tissue varies according to the fiharacter of the 
constituent cells, which are (a) spiral, or (b) annular, op (c) sclariform, 
or (d) reticulated. 

669. Such cells, with their tapering ends, form vessels with oblique joints. When 
porous cells (653) with their truncated ends unite they form right-jointed vessels re- 
sembling strings of beads, called doUed or vasctUar dticis. These are usually quite 
large, and characteristic of the woody layers of all exogenous plants. (4*7 0.) 

670. The different varieties of trachenchtma are assigned to different re- 
gions and offices, (a) to the earliest formed part of the wood, the petioles and vems 
of leaves, petals of flowers, etc. ; (6) to similar parts, but later formed, most abundant 

in fems and Equisetacese ; (c) in the woody 
bundles of the Endogens and in the succu- 
lent parts of plants in general; (d) most 
abundant m fems, club-mosses. 

6*71. Cienchyma is a system of 
milk-vessels — vessels secreting the latex 
or peculiar juice of the plant, white, 
yellow, red, turbid, containing opium, 
gamboge, caoutchouc, resin, etc. It 
occurs in the petioles and veins.; in the 
parenchyma of roots, in the liber es- 
pecially; sometimes simple, generally 
branched and netted in a complicated 
manner, as well seen in the poppy, ce- 
Vesseis of Cienchyma ; 5S0, from Dan- landine, blood-root, gum-elastic tree, 

delion ; 5S1, from the Celandine. q\^q^ 

612. Their nature. These vessels are probably mei^ open spaces between the 
cells at first, subsequently acquiring a lining membrane which never exhibits pores 
or spiral markings. But there are also true 

673. Intercellular passages filled with air and admitting its free 
circulation in all directions through the parenchyma. These are neces- 
sarily very irregular, and they communicate with the external air through 
the stomata. (§ 678.) 

674. Import of the cell. Thus the cell appears to be the type of 
every form of tissue, the material of which the vegetable fabric is built, 
and the laboratory where the work is performed. 

6*75. Elevation in rank is marked by the increasing complication of the tis- 
sues. The basis of the structure of all plants is parenchyma. In the lowest tribes 
no other tissue is ever added, this alone performing all the functions. Higher in the 
scale, as in mosses, a few central bundles of wood tissue are added, as if to strengthen 
the stem. Still higher, as in fems, etc., we begin to find vessels (trachenchyma) of 
the simpler sort, for the freer circulation of the fluids, together with the strengthening 
pleurenchyma. Lastly, in the highest plants, Phsenogaraia, the true spiral vessels 
appear, filled with air, cienchyma with secretions, and all the tissues in their appro- 
priate functions. 
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CHAPTER III. 



THE EPIDERMAL SYSTEM 



Includes the external covering of all herbaceous growths, viz., the 
epidermis, stomata, hairs, glands, cuticle, etc., organs which in older 
stems give place to bark. 

676. The epidermis (skin) consists of a layer of united, empty cells, 
mostly tabular, forming a superficial membrane. It invests all plants 
higher than mosses, and all parts save the extremities, the stigma and 
rootlets. Its oflBce is to check evaporation. 




584 582 

6S2, Cells of epidermis with a stoma from leaf of Hellebonis foetidas. 588, Vertical seetion 
of a stoma of Narcissus; a, cuticle. 584, Epidermis cells with stomata of Tradescantia Yir« 
ginica. 

617. Example. That delicate membrane which may be easUy strij^d off fix)m 
the leaf of the houseleek or the garden iris is the epidermis. It is transparent, color- 
less, and imder the microscope reveals its cellular structure. 

6*78. Stomata. The epidermis does not entirely exclude the tissues 
beneath it from the external air, but is cleft here and there by little 
chinks called stomata (mouths). Each stoma is guarded by a pair of 
reniform cells, of such mechanism (not well understood) as to open in 
a moist atmosphere and close in a dry. 

679. PosrriON op stomata. The stomata are always placed over and communi- 
cate with the intercellular passages. They are found only on the green surfaces of 
parts exposed to the air, most abundant on the under surface of the leavea Theur 
numbers are immense. On the leaf of garden rhubarb 5,000 were counted in the 
space of a square inch; in the garden iris, 12,000; in the pink, 36,000 ; in Hy- 
drangea, 160,000. 
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685, Cells and stomata of the epidermis of Ozalis Tiolacea ; and 586, of Oonvallaria racemosa. 

680. Cuticle. The surface of the epidermis at length becomes itself coated with 
a delicate, transparent pellicle, not cellular, called the cutide. It varies in consis- 
tency, being thicker and stronger in evergreen and succulent plants. It seems to 
be merely the outer cell wall of the epidermis thickened and separated from the 
newly-formed waU beneath it 

681. The hairs which clothe the epidermis are mere expansions of 
its tissue. They may each consist of a single elongated cell, or of a 
row of cells. They may also be simple, or branched, or stellate, or 
otherwise diversified. 

682. Glands are cellular structures serving to elaborate and contain 
the peculiar secretions of the plant, such as aromatic oils, resins, honey, 
poisons, etc. A gland may be merely an expanded cell at the summit 
of a hair, or at its base, and hence called a glandular hair (LabiataB). 
Or it may be a peculiar cell under the epidermis, giving to the organ a 
punctate appearance, as, in the leaf of lemon. Other glands are com- 
pound and either external (sundew), or internal reservoirs of secretion 
(rind of orange). 

683. Stings are stiff-pointed, 1-celled hairs expanded at base into a 
gland containing poisonous secretion. An elastic ring of epidermal cells 
presses upon the gland so as to inject the poison into the wound made 
by its broken point (nettle). 

684. Prickles are hardened hairs connected with the epidermis 
alone, thus differing from spines, which have a deeper origin. Exam- 
ples in the rose. 
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6S7, Rootlet of Madder, showing cells expanded into fibrillie. 6S8, Glandular hair of Fraxi- 
nella, section. 5S9, Hair of Bryonia, of several cells. 590, Hair of several cells, surmounted by 
a gland, of Antirrhinum mj^us. 691, Sting of Urtica dioica. 692, Jointed hair of the stamens of 
Tradescantia. 698, Stellate hair from the petiole of Nuphar advena (magnifled 200 diameters, 
Henfrey). 694, Branched hair, one cell, of Arabis. 
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CHAPTER IV. 

THE LIGNEOUS SYSTEM 

685. Includes the firm structures of roots, stems, and their append- 
ages, summarily called the wood. 

686. Steucture. The growing rootlet of the germinating plant exhibits under 
a microscope a nearly uniform mass of cellular tissue. The cells composing it are 
soft and delicate, with thin, porous walls adapted to absorb moisture, which it has 
ah-eady begun to do. It grows by the accession of cell to cell through their divi- 
sion and enlargement at its point, or rather just behind the advance layer which 
constitutes its cap (pileorhiza § 125. 

68Y. The earliest tissue. The same structure also appears in the expanding 
cotyledons and the opening bud of the plumule. At this early stage, therefore, all 
plants alike in all their parts are composed of simple parenchyma. Subsequent 
changes in structure occur, giving to each tribe its several peculiarities. Still the 
growing points of the axis, both ascending and descending, advance by the forma- 
tion of the same tissue, and the vessels, if formed at all, follow a little later. 

688. The changes. The rootlet soon becomes a rootj assumes a corky layer in- 
stead of the tender, spongiform epidermis, and ceases to absorb. But new rootlets 
spring from the radicle, or branch from the axis, which in their turn absorb, harden, 
divide and subdivide ; and so on indefinitely. 

689. The iNCREASiNa demand for moisture is thus met by the multiplica- 
tion of these root ends, which have been called the spongehts. The absorbing sur- 
face is also greatly increased by the hair-like processes of the epidermis; — ^tho 
fibrillse (§ T24) which multiply generally in proportion to the dryness of the soil 

690. There ark four general modes op growth and structure, 
whereby the vegetable kingdom is distinguished into as many great 
classes, viz.: 
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The outside-growers (Exogens), 
The inside-growers (Endogens), 
The point-growers (Acrogens), 
The mass-growers (Thallogens). 

691. The exogenous structure. A cross section of the stem or 
branch of any dicotyledonous plant (mustard, maple), exhibits zones of 
different structures, which are distinguished as pith, medullary sheath, 
wood, and bark. 

692. The pith occupies the central part of the stem. It consists of 
parenchyma, is chiefly abundant in herbaceous plants and all young 
stems. When new, it is filled with fluids for the nourishment of the 
buds until they can make food for themselves. As the plant advances 
in age, tbe pith loses its vitality, is filled with air only, is often torn into 
irregular cavities, or disappears. 

693. The medullary sheath immediately surrounds the pith. It 
is a thin, delicate tissue consisting of spiral vessels. It communicates 
with every bud, and sends off detachments of its vessels to the petioles 
and veins of every leaf. Its tubes secrete oxygen from carbonic acid or 
water and convey it to the leaves. 

694. The wood consists of pleurenchyma and ducts (§ 666) ar- 
ranged more or less distinctly in concentric zones or layers. The first 
or inner layer, together with the medullary sheath and pith, is the pro- 
duct of the first year. One new layer is formed each successive year, 
during the lifft of the plant 

695. Annual circles. The ducts are usually first formed and lie in the inner 
part of the strata next the center, while the wood-fibers are produced toward tho 
end of the season, and deposited in the outer part The former are distinguished 
by the large size of their open ends, while the fibers are minute and compact This 
circumstance renders the Umits of each layer distmctly perceptible in a cross 
section, and their number, if counted at the base, will correctly indicate the age 
of the tree. 

696. ExcEPTiONa There are doubtless some exceptions to this rule. In trop- 
ical countries, where there is no distinction of seasons, there may be several zones 
deposited annually, or on the other hand, several or all the annual layers may bo 
so blended by the uniform mixture of the ducts with the wood-tissue as to be (in- 
distinguishable. The layers of the beet-root are certainly not annuaL They seem 
to correspond with the number of leaf cycles (§ 22S). 

697. The alburnum and duramen — ^the sap-wood and heart-wood, 
are well-known distinctions in tbe wood. The former, named from al' 
bus^ white, is usually of a light color and softer structure. It is the 
living part of the wood through whose vessels mainly the sap ascends. 

698. How formed. The interior layers of the alburnum gradually 
harden by the deposition of solid matter in their vessels, and the thicken- 
ing of the cell-walls, until fluids can no longer pass through them. 
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Thus the duramen (durus^ hard) is fonned of a firm and durable text- 
ure, the only part valued as timber. Its varying colors in cherry, wal- 
nut, rose- wood, are well-known. 




695 




5, Cross-sections of an exogenous stem (Elm), of 2 years' growth ; 1, pith, 2, 8, annual layers 
of wood, next the cambium, 4, bark; 596, and endogenous stem (Sorghum or Millet), where 
there is no distinction of layers. 

G99. The duramen is op no account in vegetation, and is in this respect 
dead. Hence it often decays, leaving the trunk hollow, and the tree at the same 
timf^ as flourishing as ever. 

TOO. The bark succeeds and replaces the epidermis, covering and 
protecting the wood. It is readily distinguished into three parts, viz. : 
The inner, white bark (liber), 
The middle, green bark (cellular), 
The outer, brown bark (cortical). 
The substance of all these is parenchyma and arranged, like the 
wood, in layers. 

701. The liber or white bark contains scattered bundles of pleuren- 
chyma and cienchyma with its cellular tissue. Its wood-cells are very 
long (§ 666), called bast-cells, and are strengthened with secondary de- 
posits until quite filled up. Hence the strength and toughness of flax 
and hemp. The strong material of "Russian matting" is from the liber 
of the linden-tree, and the " lace" of the South Seas from the lace-bark 
tree. The liber of other trees is not remarkable for strength. 

702. The cellular or green bark succeeds to the liber. Its tissue 
resembles that of the leaf, being filled with sap and chlorophylle. It 
grows laterally to accommodate itself to the enlarging circumference 
of the tree, but does not increase in thickness after the first few years. 

703. The cortical or brown bark. Its color is not always brown, 
being rarely white (canoe birch), or straw-color (yellow birch), or green- 
ish (striped maple), or grayish (beech, magnolia). Its substance is al- 
ways cellular tissue, but differing widely in consistency in different 
species. Its new layers come from within, formed from the green bark, 
while its older are sooner or later cast off. 
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704. The cobtigal layers sometimes accumulate to a considerable thickness 
(maple, hickory, oak), but are finally rent and furrowed by the expanding wood. 
In the cork oak (Quercus suber) they attain an excessive growth, furnishing that 
useful substance, cork. In birch (Betula papyracea) these layers resemble paper, 
long abiding by their elasticity the expansion of the trunk. 

705. The medullary rays {medulla^ pith) are those fine lines which 
appear in a cross-section passing like radii from the pith to the bark, 
intersecting the wood and dividing it into wedge-shaped bundles or 
sectors. They consist of firm plates of parenchyma {muriform tissue, 
the cell resembling brick-work) belonging to the same system with the 
pith. 

706. The medullary rays are no less frequent in 
the outer layer of wood than in the inner. Hence 
their number must increase yearly, and a new set 
commence with each successive layer, extending 
with those already formed through the subsequent 
layers to the bark, as shown in the diagram. (595.) 

707. The silver grain. In a radial section 
(597, 598) the medullary rays are more conspicuous 
as shining plates of a satin-like texture, called the 
silver-grain^ quite showy in oak, maple. A tangen- 
tial section shows their ends in the form of thin 
eUipses. 

708. They serve as bonds to combine into one 
firm body the successive wood layers, and as chan- 
nels of communication to ancP from the bark and 
heart-wood. They also generate, at their outer ex- 
tremities, the adventitious buds. 

709. The cambium layer. Between the 
liber and the wood there is formed in the 
spring, at the time of the opening of the 

buds, a mucilaginous, half-organized 
layer of matter. Its presence loosens 
the bark and renders it easily peeled 
from the wood. The cambium is a 
sap solution of the starchy deposits 
of the preceding year, now rapidly 
being organized into cells. 

710. This is the generative layer 
whence spring all the growths of the lig- 
neous system. From this, during each 
growing season, two layers are developed^ 
one of liber .and one of wood, both at first 
a cellular mass, but the cells with wonder- 
fiil precision transforming, some into the 
slender bast-cells of the liber, some into 
the dotted ducts and fusiform cells of the 
wood, some into the muriform tissue of the 69S, Wood of Maple; a ni'jdQllary rays ; h^ 

ducts ; o, \rood-colls. 




697, Wood of Oak ; section lon- 
gitudinal, sliowing, a, medullary 
rays ; &, wood-cells ; c, porous 
ducts. 
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medullary rays. Through these latter the quickening influence of the cambium 
pervades both wood and bark. 

711. Unlimited growth is therefore a characteristic of the exogen- 
ous stem : for the yearly increments are added to the outside of the 
wood, and the bark is capable of expansion by lateral gfowth to any 
extent. 

712. The peculiar secretions of the plant are generally more 
abundantly deposited in the bark than in the other parts. Hence the 
bark is more generally sought for its medicinal and chemical proper- 
ties. 

713. The endooenous structure. In the cross-section of amono- 
cotyledonous stem (corn, palm) there is no visible distinction of bark, 
wood, pith, or of annual layers of any kind. 

714. It is composed of tissues quite similar to those of the exogen- 
ous stem, but very differently arranged. The body of the monocoty- 
ledonous stem consists of parenchyma, within which tissue numerous 
thread-like bundles of woody matter are imbedded. 

715. These bundles consist each of one or more dotted ducts 
accompanied by spiral vessels, pleurenchyma, and often cienchyma also, 
variously arranged in different species. 

716. The formation op these bundles is dependent upon the leaves from 
which they may severally be traced downwards, first tending toward the interior 
of the stem. Further on they recurve outward again, and finally terminate near 
the surface, there interladng and combining with their fellows and forming an 
excessively hard but inseparable rind (false bark). 

717. Cleavage difficult. From this entanglement of the fibers the cleavage 
of endogenous stems is difficult or impossible. In jointed stems (culms) this entan- 
glement occurs only at the nodes (cane, grasses). 

718. The growth of monocotyledonous stems thus takes place by 
the addition of the new wood bundles to the interior of the stem, and 
hence such plants are called Inside-growers or Endogens. 

719. Peculiar forms of the caudex. The rind of endogenous trees is capable 
of only a limited expansion. This limit is soonest attained at the base of the stem 
long before the upper parts cease to enlarge. Consequently such trunks are often 
seen of equal or greater diameter at the summit than at the base ; so the palmetto, 
com, bamboo. 

720. The acrogenous structure is found in mosses, ferns, and the 
other higher tribes of the Cryptogamia. The stems advance, beneath 
or above the ground, full-formed, growing only at the end, hence called 
Acrogens, 

721. A cross-section of a fern stem shows a body of parenchyma strengthened 
by an outer zone of fibro-vascular bundles, the whole invested with a sort of bark. 
The bundles are precisely similar to those found in the petioles, showing that the 
stem is the aggregate of the unaltered leaf-bases. (600.) 
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600 




Various kinds of vessels in a wood- 
fiber of Bamboo or Rattan, a, Cells of paren- 
chyma*^ 6, annular cells; c, spiral vessels; 
tf, porous duct ; «, wood-cells. 



600, Section of an Acrogenous stem of Tree- 
Fern (Cyathea), showing the vascular bundles 
Imbedded near the circumference of the cel- 
lular mass. 

722. TiiALLOGENS aro the lowest 
in the scale of rank, having no true axis 
and no other tissue than parenchyma, 
which grows in threads or in mass in 
all directions. The apparent stems 
(stipes), if any, support the fructification only (sea-weeds^ lichens, mushrooms, pufl- 
balls, frog-spittle, mildew). 

723. TuE STRUCTURE OP ROOTS presents few deviations from that of the stems 
to wliich they severally belong, being exogenous in Exogens, endogenous in En- 
dogens, etc. In the former class the central pith disappears, its place being occu- 
pied mainly by vascular ducts, and the liber, if any, has no bast -cells. 

724. The fibrill^ and pileor- 
hiza should, however, be mentioned 
as peculiar in the structure of the 
root. The former are produced by 
millions^ clothing the delicate epi- 
dermis of the young rootlets as with 
cottony down, especially in light 
soils. They usually consist of a 
single cell of the epidermis extended 
as seen in figure 601. They are the 
true absorbents, the mouths of the 
growing plant. 

725. The pileorhiza. The mi- 
croscope shows that the extreme, 
advancing point of the delicate, grow- 
ing fibers is not thrust naked against 
the opposing soil, but is covered 
601, Extremity of the rootlet of Maple, with with a cap caUed pikorhiza (jpileus, 
fibrillJB and («) pileorhiza. 602, Two plants of a cap, rkizttj root), which consists of 
Lemna minor (Duckmeat). 8, Thoir pUeorkiza. older, hardened ceUs, behind which 
are formed the new cells. In the Duck-meat the pileorhiza is lengthened into a 
sheath. 

726. The manner op growth in the root is not like that of stems, by the 
extension of parts already formed, but simply by the addition of new matter at the 
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advancing point This accounts for the wonderful facility with which it penetrates 
the soil and finds its way uninjured into the hardest earth. 

727. DiCTYOGENS. In those few Monocotyledons which bear reticulated^eaves 
(Smilax, Dioscoroa), the Dictyogens of Dr. Lindley, the roots exhibit a structure re- 
sembling that of exogenous stems. 



STRUCTURE OF LEAVES. 




V28. Nature of the leaf. The leaf may •^ 

be regarded as an expansion of the two outer 
integuments of the bark, or of the green bark 
and the epidermis, expanded into a broad, 
thin surface by a woody framework proceed- 
ing from the medullary sheath and the liber. 

729. The framework of veins is therefore 
fibro-vascular, abounding in spiral vessels, and 
strengthened with liber. 

730. The parenchyma exists in two strata 
more or less distinct. In all those leaves 
which are ordinarily horizontal in position, 
one surface being upward and the other down- 
ward, these two layers are dissimilar ; but in 
leaves with a vertical lamina (iris), and in 
phyllodia (§ 307) the two layers are similar. 

731. The l*ayers DESCRmED. Tlie 'superficial layer 
of empty tabular cells, belongs to the epidermis. Next 
beneath this, in the surface on which the sun shines, 
are one or two layers of oblong cells placed perpendicularly to that surface, and 
more compact than the cells beneath them, which are pervaded by intercellular 
passages and by the veins. 

732. Place of the stomata. The stomata as a rule belong to the 
shaded side of the leaf, avoiding the sun's direct rays. On the sunny 
side there are few comparatively or none. In the submerged leaves 
of water-plants the epidermal layer is hardly distinguishable, and is 
wholly destitute of stomata. In such leaves as float upon water (water 
lilies) stomata are found in the upper surface alone. 

733. The chlorophylle. Within all the vesicles of the paren- 
chyma are seen adhering to the walls the green globules of chlyro- 
phylle, which give color to the leaf — dark green above, where it is more 
compact, paler beneath, where the cells are more loose and separate. 

734. Vessels of cienchyma pervade the under-layer of paren- 
chyma,, returning the elaborated juices through the petiole into the cani- 
bium layer. 

10 



603, Section of a stem ftt the ori- 
gin of a leaf; p, cellular, or pith; 
a, vascular, the medullary sheath 
sending oflf a bundle into the 
leaf-stalk ; cf, the swelling (pul- 
vinus) just below the articula- 
tion of the leaf-stalk (0 ; ft, the 
axillary bud. 
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604 



h Ij 




604, Minute portion of a leaf of Viola tricolor, viewed 
in perspective, showing, a, cells of epidermis above ; 
2>, compact parenchyma of the upper portion of the 
leaf; c, loose parenchyma; d^ epidermal-cells of the 
lower surface with stomata, one cut and opening into 
the intercellular passages. (Magnified 100 diameters.) 



735. The structuee op bracts, 
sepals, petals, and other organs, 
which are but modifications of 
the lea^ hardly requires a separ- 
ate notice. The same kinds of 
vessels pervade their parenchyma, 
but the spiral exist in a larger 
proportion. In the pistil, the fibro- 
vascular bundles may be traced 
to the placenta, and thence into 
the funiculus and raphe of the 
ovule. In the more deUcate or- 
gans chlorophylle is wanting, and 
the peculiar coloring, matter of 
whatever other tint, is uniformly 
diffused through the fluid con- 
tents of the cells of parenchyma. 
The depth of the tint depends on 
the number of cells thus colored. 



^ «■ » ■» » 



CHAPTEK V. 

VEGETATION, OR THE PHYSIOLOGY OF PLANT LIFE. 

73 6. Next inquiries. We have now briefly surveyed the mechan- 
ism of the plant, both its outward forms and internal structure. We 
next inquire into the uses of all this wonderful apparatus ; what the 
specific oflSce which each part performs in the economy of the plant ? 
and how do all parts cooperate in the work of living and growing ? 

737. Tms IS A SUBJECT OF GREAT KXTENT, and involves many inquiries of deep 
interest both in science and art, — many inquiries, also, which have never been an- 
swered. Our limits confine us to the bare statement of admitted principles, to the 
exclusion of all speculative discussion. 

738. What is life ? This inquiry meets us at the beginning — a 
problem never solved. The spontaneous action' of the plant, the self- 
determined shapes which it assumes, we at once refer to this principle, 
its vitality ; but of the nature of this principle itself we can only say, 
Is it not a direct emanation from the Supreme Will, the Fountain of 
all life ? 

739. Vegetation is doubtless the lowest form of life. It 
springs directly from inorganic or mineral matter, and is the first step 
in the organization of mineral matter. Its material is, therefore, min- 
eral matter rendered organic through the vital force. 
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740. The subordination of the vegetable to the animal kingdom 
is thus manifest in its being fed and nourished on inorganic matter. It 
is interposed between these two incompatible extremes, and is ordained 
to transform the innutritions mineral into the proper and indispensable 
food of the animal kingdom. # 

741. Parasitic plants do indeed require the ready organized juices of other 
plants, just as the carnivora among animals live on flesh. Still the general fact re- 
mains, that plants alone feed on inorganic matter, and in turn become themselves 
the food of the animal kingdom. 

742. The process of VEOETATroN consists of imbibing the crude 
matters of the earth and air, transforming into sap, assimilating to 
plant juice (latex), and organizing into its own structure according to 
its own plan. The vital phenomena on which these transformations de- 
pend are called absortion, circulation, exhalation, assimilation, secretion, 
all of which processes take place in the individual cell. Therefore, 

743. Cell-life is an epitome of the life of the whole plant. The cell is never a 
spontaneous production ; it is the offspring of a pre-existing cell. So with the 
plant ; it is always the offspring of a pre-existing embryo or cell Nothing but a 
cell can produce or nourish a cell. 

744. Two KINDS OF organic matter make up the cell. The first 
protoplasm or protein (C40 Hgi 0^ N5), the material of the primordial 
utricle (§ 645), etc., containing nitrogen; 2d, cellulose^ (C^ Ujo Oio), the 
material of the outer wall or .crust, etc., containing no nitrogen. The 
former more nearly resembles animal matter, and is the seat of the vital 
force and chemical action. 

745. What the cell im- ^^ 
BiBES. Through the invisible ^^ 
pores of its walls the cell imbibes ^^ 
the fluid in which its food is dis- ^ 
solved, viz., sugar or dextrine, ^ 
ammonia or some other nitrogen- -^^ « . ^^^, .u ^a- «~i ,n 

=» ' *^'<>^o«°s viridls, tWe 606, Penlclllum gla_ 

OUS substance. Such a fluid may Green snow-pUnt. cum, the Yeast-plant. 

be the flowing sap of the plant or any similar artificial mixture in which 
the cell is bathed, as (in the case of the yeast plant) a syrup with mu- 
cilage. 

746. The chemical changes. The sugar is thus brought into con- 
tact with the protoplasm in the cell, through whose action it is decom- 
posed and its elements transformed into cellulose and water. Thus 
each atom of (grape) sugar or dextrine becomes 

One atom of cellulose, C,, Hjo Ojo 
and two atoms of water, H^ 0^ 

C,2 H,2 Oi3= grape sugar. 
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The water is exhaled with the rest ; the cellulose is retained to incrust 
a new cell as soon as the primordial utricle shall next divide itself to 
form one. Or it may bo deposited as starch granules for future use. 

747. Action of chlorophylle. In the cells of green plants the 
globules of chlorophylle act an important part. Their formation de- 
pends upon the decomposition of carbonic acid (COj), the retention of 
the carbon, and the exhalation of the oxygen under the stimulus of the 
light. If the formation of cellulose continue beyond the present need 
for cell-formation, the excess is deposited in the form of starch-granules 
inclosed within the globules of chlorophylle, one in each. 

748. Destination op the starch granules. When the starch granules are 
redissolved, they go to incrust the next new cell or to form a secondary layer in the 
old cell ; or in autumn they go out into the general circulation and are at length 
stored up in the buds, the cambium, the roots, ready for an early use the following 
spring, 

749. The increase of the protoplasm from the decomposition of 
the ammonia or other nitrogenous compounds present is a more in- 
tricate process, but no less evident, and when in excess, this also is de- 
posited in minute globules of gluten, mucus, legumine, chiefly in seeds 
(wheat, beans, rice), in aid of germination. 

750. The starch and gluten deposits of the wheat kernel are about sixty- 
eight and seventeen per cent. The former is found in the interior cells, the latter 
in the exterior, adjoining the pericarp or bran. . In " flourhag" some of the gluten 
adheres to the bran, and some constitutes the coarser meal, all of whidi is separated 
by the " bolt." Extra jUywr must, therefore, necessarily be deficient in gluten, the 
only element of the wheat which adapts it to the formation of tmiscU. A great error. 



FERTILIZATION. 

751. Capacity of the cell. Such being the vital energy of the 
cell, it is easy to admit the possibility of either its solitary existence as 
a plant (Protococcus, etc.), or of its associated existence, as in the living 
tissue of most plants. 

752. Two MODES OF CELL-GROWTH. Now all plants, without excep- 
tion, do actually commence existence in the state of a simple cell. But 
while in the lower plants (Cryptogamia), this simple cell, the plant- 
rudiment is at once discharged, free and independent, to float or grow, 
in the Phenogamia it is yet a while protected and nourished by other 
cells, — the cells of the ovule. 

753. A DISTINCTION. This primitive cell-plant, after acquiring the 
requisite means, swells and divides itself into two or more new cells. 
If these new cells cohere into a tissue assuming a definite form, as in 
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the higher plants, the process is called growth ; but if they separate, 
each one still abiding separate, it is reproduction, 

754. The embryonic vesicle is the expressive name of the em- 
bryonic cell of the Flowering Plants. It has its birth in that large cell 
of the nucleus of the ovule (§ 539) called the embryo sac, and is in 
some way developed from the cytoblast (§ 655). In appearance it may 
be like other new cells, but in the impulse or instinct with which it is 
endowed it is immeasurably different. It looks not to the mere con- 
tinuation of an old series, but is the projector and pioneer of a new. 

755. Its new impulse. Before it 
can enter upon its course of develop- 
ment so different from the destination 
of common cells, it must somehow be 
quickened and energized with an im- 
pulse in this new direction. In other 
words, it must be fertilized, — a pro- 
cess dependent on the pollen grains 
(§ 509). 

756. The pollen tube — its course. 
When the pollen falls upon the stigma, it 
imbibes the saccharine moisture there, ex- 
pands, and its inner, expansible coat of pro- 
toplasm protrudes through the aperture (one 
or more) of the outer crustaceous coat, in 
the form of an attenuated tube. This, like 
a radicle, sinks into the soft tissues of the 
stigma and style, reaches the ovary, and 
there meets and enters the micropyle of t' 
ovule. 

757. Its contents, how discharged. 
At this juncture the ovule has so turned it- 
self, whether orthotropous, anatropous, etc., 
as to present the micropyle favorable to this 
process. The pollen tube makes its way 
finally to the nucleus and penetrates to the 
embryo sac. Here its growth ceases; its 
point is applied externally to the sac, some- 
times indents it ; but (according to the most 

, , A.- \ A t. w««of,.o4« Pennsylvanlcnin, In process of fertilization, 

accurate observations), does not penetrate (Magnified 20 diameters), c. Natural size, 

it. During this contact the contents of the n, One of the stamens having dlschaiged its 

tube pass by absorption into the sac. pollen, t, A grain of pollen and its tube. 

758. Growth op the fertilized cells. ^' styles and stigmas o, Ovary ovule em- 
T -,. . , ^1 1 . , , , , Dryo sac coBtainin«r the embryonic clobule. 
Immediately the embryonic globule, thus, The extremity of a pollen tube is seen in 
somehow endowed with a new instinct, now contact with the embryo sao. 




607, Section of the ovary of Polygonnm 



Digiti 



zed by Google 



160 



FERTILIZATION. 




first expands into a proper cell, and is usually attached 
to the wall of the sac near the micropyle. It then di- 
vides itself transversely, becoming, two cells; the upper 
elongates either with or without subdivision, forming a 
filament (suspensor) ; the lower cell enlarges by subdi- 
vision, first spherically, and afterwards the little mass 
begins to take form according to the species, showing 
cotyledons, plumule, etc., until fully developed into the 
embryo. 

759. Schleiden's view. Owing to tbe ex- 
treme difficulty of observation in this minute 
field, different views of this process have been 
advanced. That of Schleiden should not be 
overlooked. He maintains that the end of the 
pollen tube actually penetrates the sac and itself 
becomes the embryonic cell. The pollen grain is 
in this view the primitive cell, and is itself 
quickened into development by the contents of 

608, Growth of the embryo , v , 

in HIppurls vulgaris. The ferti- the embryo saC. 

IfsriwrrrMon: -^^O. fertilization in the conifek^. 
stitute the «M«p6n«or attached Where no style or stigmji exists, as in the Coni- 
rry^dKo^rtiel'.r^f"'^' the pollen falls directly into the micropyle 
4 cells. of the naked ovule and its tubes settle into the 

tissue of the nucleus. 

761. Chemical changes in germina- 
tion. The ovule matures with the com- 
pletion of the embryo, and passes into 
the fixed state of the seed in which the 
embryo sleeps. A store of nutritive 
matter, starch, gluten, etc., is thought- 
fully provided in the seed for the use of 
the young plant in germination, until its 
root has gained fast hold of the soil. 

762, The changes which occur in 
THE seed at the recommencement of -^ ^^,, p Tn^i * « i ». , 

«09, Ovule of viola tricolor, showing 
growth, are simply such as are requisite the process of fertilization according to 

to reduce its dry, insoluble deposits to a ^}f ^*^^« f Schieiden. 7>, Poijen j u 

, !• . tube, r, raphe ; c, chalaza; 5, prlmine; 

solution which shall contain the proper a, secundine; «, nucleus; «,sac which 

materials for cell-formation or growth ; ^i»e ta^« ^ppeara to have penetrated, 
that is, gluten and other nitrogenous matters, oil, starch, etc., are to be 
changed to diastase^ the same as yeast, and dextrine, the same as gum 
or grape sugar. 




Digiti 



zed by Google 



RIPENING OF FRUITS. 151 

763. The process. To this end water and oxygen are absorbed, the 
gluten begins decomposition, forming yeast ; fermentation ensues ; heat 
is produced by the slow combustion of the carbon with oxygen form- 
ing and evolving carbonic acid, by which process some of the oil and 
starch is destroyed, while another portion gains water and turns to 
sugar. All this within the cells of the seed. 



RIPENINa OF FRUITS. 

764. In the pericarps of most fleshy fruits (grape, pear, apple, peach, 
strawberry), sugar exists before germination, ready formed in the process 
of ripening. 

765. How THE FRUIT GROWS. In its earliest stages the pericarp consisted of a 
structure similar to that of green leaves, composed of parenchyma, pleurenchyma, 
vessels, and epidermis with stomata. Its distended growth afterwards results fix)m 
the accumulation of the flowing sap, which here finds an axis incapable of exten- 
sion. Thus arrested in its progress, it gorges the pistil and adjacent parts, is con- 
densed by exhalation, assimilated by their green tissues, which still perform the 
ofl&ce of leaves. Cell-formation goes on rapidly within, and the excess of cellulose 
is deposited in the cells as starch. Oxygen is usually absorbed in excess, acidifying 
the juicea 

766. How IT RIPENS. After the fruit has attained its full growth, 
the process of ripening commences, during which the pulp becomes 
gradually sweetened and softened chiefly by the change of the starch 
into more or less of soluble sugar. 

767. Honey. In the same way we account for the production of 
honey in the flower. Copious deposits of starch are provided in the 
receptacle and disc (§ 446). At the opening of the flower, this is 
changed to sugar to aid in the rapid development of those delicate or- 
gans which have no chlorophylle wherewith to assimilate their own 
food. The excess of sugar flows over in the form of honey. 

768. The wise economy of the honey is seen in fertilization. For, 
attracted by it, the insect enters the flower, rudely brushes the pollen 
from the now open anthers, and inevitably lodges some of its thousand 
grains upon the stigma ! 

769. Experiment has proved that in all these cases of the formation of sugar 
from starch oxygen is absorbed and carbonic acid evolved, — a process which we 
might expect, since starch (Cia Hio Oio) contains proportionably more carbon than 
sugar (Ci3 H13O13) contains. It is probable that these two phenomena in vegetation 
are always co-existent. 



Digitized by 



Google 



152 ABSORPTION. 



CHAPTER VI. 

§ 1. ABSORPTION. 

VYO. Office op the root. The absorption of liquids, containing in 
solution the food of the plant, is the peculiar and indispensable office of 
the root, as may be shown by an 

771. Experiment. Take a small growing plant from the earth and immerse it by 
its roots, which should be nearly or quite entire, in a cup containing a definite quan- 
tity of water. Place near it another cup with a like quantity of water to indicate 
the amount of evaporation. The difference of the diminution in the two cups will 
be the amount of absorption. A plant of spearmint has thus been found to absorb 
more than twice its own weight per day. Every one is familiar with the rapid dis- 
appearance of water from the roots of potted plants, as Hydrangea, Oleander. 

7Y2. The absorbents. An impervious epidermis destitute of sto- 
mata everywhere clothes the roots, excepting its fibrilla) and the tender 
extremities of the rootlets. No part, therefore, is capable of absorp- 
tion except the latter. But these, by their multiplied numbers, present 
an adequate absorbing surface to the soil. 

773. Experiment. Let a growing radish be placed in such a position that only 
the fibrils at the end may be immersed in water; — it will continue to flourish. But 
if the root be so bent that the fibrils shall remain dry while the body of the root 
only is immersed, the plant will soon wither, but will again revive if the fibrils be 
again immersed. 

114, Inference. Hence, in transplanting a tree almost the only 
danger to its life arises from the difficulty of preserving a sufficient 
number of these rootlets. 

115, The force with which plants absorb fluids by their roots 
is surprisingly great, as shown by 

776. Experiment. If the stem of a grape-vine be cut off when the sap is as- 
cending, and a bladder be tied to the end of the standing part, it will in a few days 
become distended with sap even to bursting. Dr. Hales contrived to fix a mercu- 
rial gauge to a vine thus severed, and found the upward pressure of the sap equal 
to twenty-six inches of mercury, or thirteen pounds to the square inch. 

111. But what causes this absorption of fluids in a direction con- 
trary to gravitation ? In explanation of this phenomenon reference 
has been made to two well-known principles in physics, viz.,' to capillary 
attraction by the tubular vessels and to endosmose by the closed cells, 
which are far more numerous. 

778. Experiment. Invert the end of several open thermometer tubes in a colored 
liquid. It will be seen rising in the tubes above its level, to various heights — high- 
est in the smallest calibre. 

779. Exp. Suspend a napkin in such fashion that its lowest comer shall dip 
into a cup of water. In a few hours the water will have ascended into the napkin. 
These are results of capillary attraction. 
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TSO. Exp. Thrbw dried prunes, currants, or raisins into water. After a while 
they will have become swollen and distended with fluid. Now place them in strong 
syrup ; they will again shrink. 

181. Exp. Attach a bladder filled with syrup to a long glass' tube, and immerse 
in water. The water flows in and the mixture arises slowly but forcibly in the tube. . 
Reverse the liquids. Pure water fi-om within the bladder will flow into syrup with- 
out The former is a case of endosmose (ivdovj inwards, fiQ, to seek), the latter of 
exosmose (e^w, outwards). 

•782. Direction op the currents. The flow will continue until the two fluids 
are equal in density. In both cases there is also a flowing of syrup into the water, 
but the greater flow is always from the lighter into the denser fluid. 

183, The force op endosmose is found to depend upon the excess in density of 
the inner fluid. Syrup, with the density of 1.3, caused a flow of water with an up- 
ward pressure of 4 J atmospheres (Dutrochet). The great force with which the cap- 
sule of the squirting cucumber (§ 606) bursts shows the power of endosmose. But 
a more probable theory is stated in § 791- 

784. The use of absorption in the vegetable economy is not merely 
the introduction of so much water into the plant, but to obtain for its 
growth the elements of its food held in solution, whether gaseous or 
earthy. In attaining this object, the roots seem to be endowed with a 
certain power of selection or choice which we can not explain. Thus, 
if wheat be grown in the same soil with the pea, the former will select 
the silica along with the water which it absorbs in preference to the 
lime ; the pea selects the lime in preference to the silica. Buckwheat 
will take chiefly magnesia, cabbage and beans, potash. This fact shows 
the importance of the rotation of crops in agriculture. 

785. Other means of absorption. The office of absorption is not 
performed by the root alone. Every green part, but especially the leaf, 
is capable of absorbing gases and ^watery vapor. 

786. Proofs. Every one knows how greatly plants, when parched and withered 
by drought, are revived by a shower which sprinkles their leaves without reaching 
Iheir roots. Air plants or epiphites (§ 143), such as the long-moss and Epidendrum, 
must rely on this source chiefly for the supply of their food ; and when the dissev- 
ered stems of such plants as the houseleek grow without roots, suspended by a thread 
in air, it is evident that all their nourishment comes through their leaves. 

CIRCULATION. 

787. Tendency of the flow. The fluids which are thus taken 
into the system by absorption can not remain inactive and stagnant. 
As their inward flow is regular and constant in its season, so must be 
their upward and outward flow, in a course more or less direct, toward 
the parts where they find an outlet or a permanent fixture. 

788. In those Cryptogams which are composed of cellular tissue 
alone the circulation of the sap consists only of a uniform difi'usion 
from cell to cell throughout the mass, as through a sponge. 

789. In the higher plants, the diff'erent tissues perform appropriate 
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offices in the circulation, some conducting upward, some downward, some 
conveying the crude sap, some latex, and some air. 

790. Air-vessels. Spiral vessels and others of the trachenchyma 
are generally filled with air, and take no part in the circulation of fluids, 
except in the spring, when the whole system is gorged with sap. The 
intercellular passages, also, generally circulate air alone. 

791. The moving force. From the roots the newly absorbed fluid 
flows upward through the stems and branches, toward the buds, leaves, 
and flowers, being probably drawn thither into them by the exhalation 
and consequent exhaustion there going on. 

792. Through what tissue. The tissue of the stem and branches 
through which the ascending sap loves chiefly to travel is the pleuren- 
chyma — ^those long cells of the wood fiber, whether arranged in broad 
layers, as in the Exogens, or scattered in slender bundles, as in the En- 
dogens. 

793. Through which layers. And when the stem grows old, the 
sap ceases to traverse the inner layers, — the duramen, where its passage 
becomes obstructed by thickened cell walls, and frequents only the outer 
newer layers, — the alburnum, next adjoining the liber. 

494. The crude sap. The fluid which thus flows upward seeking 
the leaves consists largely of water, is colorless, and is called the crude 
sap. It contains in solution minute quantities of gases and mineral 
salts, imbibed by the roots, together with dextrine and sugar (no starch) 
which it dissolved out of the cells on its way. This is the fluid which 
flows so abundantly from incisions made in trees in early spring. 

795. The overflow op the sap depends upon the excess of absorption over 
exhalation. After the decay of the leaves in autumn, and the consequent cessation 
of exhalation, the rootlets, being deep in the ground, below the influence of frost, 
continue theu* action for a time, and an accumulation of sap in the system, even in 
the air-vessels and spaces, takes place. Also in early spring, before the leaves arc 
developed, this action recommences, and the plant becomes gorged- with sap, which 
will burst forth from incisions, as in the sugar maple, or sometimes spontaneously, 
as in the grape. As soon as the buds expand into leaves and flowers, the overflow 



796. The true sap. Throughout its whole course to the leaves the 
sap gains in density by solution. There arrived, it loses by exhalation 
a large part of its water, gains additional carbon, and undergoes other 
important chemical changes (hereafter to be noticed), and becomes the 
true sap, dense and rich, both in nutritive matter for the immediate 
growth and in special products for the future nourishment of the plant. 

797. Returning, the true sap distributes its treasures in due and ex- 
act proportion as needed to every organ. Its course lies in the tissues 
of the bark, cellular and woody, first distributed over the under surface 
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of the leaves, thence by the leafstalks into the liber, and so pervading 
all, down to the extremities of the roots. 

798. On its passage it makes deposits of food, first in the cells, 
of the pith at the base of every incipient bud ; then in the cambium 
region a copious store; next in the medullary rays a due portion, 
some carried outward for the supply of the cortical layer, and some in-^ 
ward for solidifying the wood ; and lastly, the residue, often the richest 
legacy of all, falls to the root, and fills every branch and fiber, however 
vast its extent. This last deposit is that which is first met and dissolved 
by the rising tide of fluid in the following spring. 

799. Growth progresses downward. Since the flowing of the 
true elaborated sap is downward, it scarce admits of a deubt that the 
progress of the growth is also downward, from the leaves to the roots. 
And on no other supposition can we account for the results of the fol- 
lowing 

800. Experiment. Girdle an exogenous tree by removing an entire ring of its 
bark. It will flourish still during one growing season, and form a new layer of wood 
and bark everywhere above the wound, as before, but not at all below. The next 
season the tree will die. Why ? Because the true sap returning can not descend 
to nourish the roots. 

801. Exp. If a ligature be bound firmly around a stem (sc. of silver-leaf poplar) 
its growth is checked below, while the part just above will exhibit, after a year or 
two, a cu-cular swelling evidently caused by the interruption of the descending sap. 

802. Exp. If a chip be cut from the trunk, the wound heals evidently fh>m the 
upper side. 

803. Exp. Cut oflFthe top of a branch just below a leaf. The upper remaining 
intemode will perish. It has no leaf cibove it to send down its food. 

804. Exp. Girdle carefully the stem of a potato-plant. No tubers will be formed 
below. And, again, girdle a fruit tree, and the firuit will for once be increased in 
amount. 

805. In a few instances trees have survived the GIRDLINa PROCESS. In 

such cases the medullary rays complete the broken currents. The descending sap, 
on arriving at the ring, flows inwardly by the medullary rays, making a circuit, and 
appears again in the bark below the interruption. 

806. Rotation. Beside this general circulation of fluids rising and 
falling from extremity to extremity, there is also a special circulation 
going on pretty constantly in each new cell, called rotation, 

807. Rotation is a flowing of the protoplasm in slender and devious 
currents on the inner surface of the primordial utricle, rendered per- 
ceptible by the opaque particles floating in it. The cytoblast also par- 
takes of the movement. It is well observed in the hairs of Tradescantia, 
leaves of Vallesneria, and especially in the stems of Chara, where the 
current expands into an entire revolving layer of protoplasm. It is a 
vital movement. 
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TRANSPIRATION. 

808. Transpiration relates to that important office performed by the 
leaves and other green organs, whereby pure water is separated from the 
crude sap and given off into the air. It takes place chiefly through the 
storaata, and is greatest by day and in a warm, dry atmosphere. 

809. Upon the activity of transpiration depends also the 
amount of absorption. It not only makes room for the fluids from be- 
low to enter, but by disturbing their equilibrium, it creates an upward 
tendency, as the flame of a lamp draws the fluid up the wick. All the 
mineral and organic constituents of the sap are of course left in the 
plant. 

810. The quantity op pure water transpired by plants is immense. A 
forest makes a damp atmosphere for miles around. Dr. Hales, in a series of instruc- 
tive experiments in transpiration, ascertained that a sunflower three and a half feet 
high, with a surface of 5,616 square inches, transpired from 20 to 30 oz. in twelve 
hours; a cabbage, 15 to 25 oz. in the same time — equal to the transpiration of a 
dozen laboring men. We may easily 

811. Experiment with a single leaf recently plucked, say of Podophyllum. In- 
sert its petiole in a narrow-mouthed goblet of water, and. around it fill the mouth 
with dry cotton to restrain evaporation. Over the whole place a bell-glass and ex- 
pose to the sunshine. The vapor transpired will condense on the bell-glass, equal- 
ing (save the solid matters) the loss in the goblet. 

EESPIRATION. 

812. Respiration in plants refers to their relations to the atmos- 
phere. So in animals. These relations are in either case vitally impor- 
tant. 

813. Experiment. Place a small, healthy potted plant (sc. Geranium, Mimosa) 
under the receiver of an air-pump, and thoroughly exhaust the air. At once every 
vital process ceases — no absorption, no assimilation, no irritabiUty, but speedily de- 
cay ensues. A vacuum would be no more fatal to a sparrow. Air is quite as 
necessary to the one as to the other. 

814. Illustration. So also when only the roots are excluded from the air by 
being buried deeply in an embankment, the tree sufifers injury and perhaps perishes. 

815. Respiration in plants, or aeration (as sometimes called) 
consists of all those operations by which the sap is brought into con^ 
tact with the air or subjected to its influence. It occurs in the inter- 
cellular passages, in the spiral vessels everywhere, but especially in the 
leaves and all other organs which have chlorophylle and stomata. 

816. The vital importance op respiration is seen in the vast ex- 
tent of the respiratory apparatus, consisting of millions of leaves and 
billions of breathing pores (stomata) and tracheae (vessels) ! 

817. The facts connected with respiration, which seem to have been 
well established by the experiments of Saussure, Garrcau, Moue, Draper, 
etc., are these : 
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1. Carbonic acid (C Oj) is absorbed by the leaves and all green tis- 
sues, under the direct solar light. 

2. Oxygen (O) is absorbed by the leaves and all green tissues in the 
absence of direct solar light, and by the roots, flowers, fruits, and ger- 
minating seeds at all times. 

3. The oxygen thus absorbed unites with some of the free (or nas- 
cent) carbon already in the tissues, and forms carbonic acid. 

4. By a process of assimilation (§ 747) carbonic acid within the 
green tissues, from whatever source derived, is decomposed ' under the 
direct sunshine, and its carbon is retained ; but 

. 6. Its oxygen is set free and exhaled. 

6. Carbonic acid is exhaled by the leaves and all the green tissues 
in the absence of the sunshine, and by all other parts (root, flowers, 
fruit, and germinating seeds) at all times. Hence it appears that there 
are 

818. Two PHASES of aerial action constantly performed and seem- 
ingly opposed to each other. One dependent wholly upon the. clear 
sunshine, in which, by the leaves, etc., C O^ is absorbed, decomposed, and 
O returned to the atmosphere ; the other, in which is absorbed, and 
C O3 exhaled, by the leaves in the absence of sunshine, and by all other 
parts (roots, flowers, etc.) at all times. Both are. equally and vitally 
important. 

819. The former process becomes visible to the eye by the rapid development 
of chlorophylle accompanying it, the latter by its gradual loss. Hence, during a 
protracted season of cloudy weather vegetation grows sensibly paler , but a few 
hours of sunshine restores the green to its wonted depth and richness. 

820. Blanched plants. Hence, also, plants growing in constant darkness and 
shade, as potatoes in the cellar, are very pale, and manifest their affinity for light 
by stretching themselves with famishing eagerness towards the slender sunbeam 
which gains admittance. Analysis shows structures thus grown to be deficient in 
carbon. We may easily repeat the 

821. Experiment op saussure. Place a quantity of freshly gathered leafy stems 
under a bell-glass full of rain-water, and thus expose them to the sun. Soon bub- 
bles of gas arise and slowly coUect above, pure oxygen gas, as long ago proved by 
Dr. Priestly. 

822. Repeat the experiment with boiled or distilled water, and no oxygen will 
appear. Rain-water contains C Oj in solution, boiled water does not. The irust 
therefore have come from the C O2 as would appear. 

823. Experiment. Inclose air-tight in a glass globe the end of a leafy branch, 
without severing it from the tree. Thus it has been found by careful analysis after 
a day of sunshine that the proportion of was increased at the expense of C Og 
within the globe ; and vice versa by night or in the shade. 

824. The results of both transpiration and respiration, as concerns 
the plants, tend to concentrate the diluted sap by the elimination of the 
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water, which served merely for its conveyance, and to assimilate it into 
food capable of being organized into cells and their various contents. 

And it is proper in this place also to notice the effects of this vast 
machinery upon the constitution of the atmosphere and its relation to 
the animal kingdom. 

825. Carbonic acid gas is dissolved in the atmosphere and some- 
what uniformly diffused throughout its whole extent in the proportion 
of about 4 parts in 10,000, or ^^Vo- This gas flows, and is ever flow- 
ing into the air from decaying animal and vegetable substances, from 
combustion, and from the breath of all living animals. The quantity 
thus added to the atmosphere annually is estimated at 100 billions lbs., 
or nearly one tenth of the whole amount of carbon, and yet it does not 
accumulate, 

826. The demand and supply. Were we able to compute in 
pounds the annual growth of the entire plant world, and the proportion 
of solid carbon which enters into that amount, we should doubtless find 
that the grand total of the demand equals this grand total supply. 

A POISONOUS atmosphere. And further ; not only are the necessi- 
ties of the plant met by this wonderful circulation, but the necessities 
of animal existence also. Carbonic acid is poisonous, and should it be 
left to accumulate unchecked, it would gradually corrupt the air, and 
within a few centuries extinguish all animal life. 

828. Animals and plants mutually dependent. Thus are the 
two kingdoms of the organic world mutually, through the inorganic, 
dependent upon each other. The plant furnishes the oxygen which 
the animal consumes, the animal the carbonic acid which the plant 
consumes, while each would perish in an atmosphere of its own pro- 
duction. " Great and marvelous are thy works, Lord of Hosts ! in 
wisdom hast thou made them all." 



CHAPTER VII. 

REVIEW OF. THE PRINCIPLES OF NUTRITION. 

829. The four organogens. It has already appeared in the pre- 
ceding chapters that plants consist chiefly of four simple organic ele- 
ments, viz. : carbon, oxygen, hydrogen, nitrogen. The first exists in a 
larger proportion, the last in a smaller than either of the others. 
Unitedly these four elements constitute about 94 per cent of all vege- 
table matter. 
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830. Carbon (essentially charcoal) enters so largely into the composition of 
plants that it retains generally the exact form and texture of the wood after the 
other elements have been expelled by heat On this element chiefly depends the 
solidity and strength. Its proportion is from 40 to 60 per cent. Nitrogen^ although 
equally essential, is less abundant in the tissues, and exists largely only in certain 
vegetable products, as gluten, albumen, casein, theine. 

831. OirrGKN and hydrogen exist in plants combined v^ith other elements, and 
also combined with each other forming water, especially m all fresh green vege- 
table matter. The water is expelled by drymg, and the following table shows, in 
a few cases, the proportion for each 100 lbs. 



Peas lose of water ^ . . 8 lbs. 

Wheat 14 Iba 

Rye and oats 15 lbs. 

Wheat straw. 26 lbs. 

Potatoes about "75 lbs. 



Apples and pears 83 lbs. 

Red beet 85 lbs. 

Strawberries And gooseberries. 90 lbs. 

Turnips 93 lbs. 

Watermelons 95 lbs. 



832. Earthy elements. Besides these four universal elements, 
many other substances, earthy and mineral, are found in quantities 
greater or less, in different species. Thus forest-trees and most inland 
plants contain potassa; marine plants, soda, iodine; the grasses, silex, 
phosphate of lime ; rhubarb and sorrel, oxalate of lime ; leguminous 
plants, carbonate of lime ; the Cruciferae, sulphur, etc. 

833. The proportion op earthy matter is small and may be estimated from 
the ashes. As drying expels the water, so burning expels all other organic ele- 
ments, and the inorganic earthy, whatever they be, remain in the form of ash. The 
following table from Bousingault is instructive on this point 





Wheat 
Grain, j Straw. 


Go 
Grain. 


Straw. 




11 


1 


J. 


is 
£2 


Carbon 


46.1 


48.4 


50.7 


50.1 


46.5 


49.4 


45.8 


42.9 


44.0 


Hydrogen. . . 


5.8 


5.3 


6.4 


5.4 


6.1 


5.8 


5.0 


5.6 


5.8 


Oxygen 


43.4 


38.95 


36.7 


39.0 


40.1 


35.0 


38.7 


42.2 


44.7 


Nitrogen. . . . 


2.3 


.35 


2.2 


.4 


4.2 


7.0 


1.5 


1.7 


1.5 


Ash 


2.4 


7. 


4. 


5.1 


3-1 


2.8 


9.0 


7.6 


4.0 1 


• 


100 


100 


100 


100 


100 


100 


100 


100 


100 



834. Agricultural chemistry. Since aU these elements are found in plants, 
we infer them to be essential ingredients iu the k^A which they require for healthy 
vegetation ; and an inquiry into the sources from which they may be supplied con- 
stitutes the chief object of Agricultural Chemistry. 

835. The food of plants is air, earth, and water. It is evident 
that plants do not create a particle of matter, and therefore do not 
originate in themselves any of the elements which compose them. 
Consequently they must obtain them from sources without. Carbon is 
derived from the carbonic acid contained in the atmosphere, and from 
the decaying vegetable matter of the soil. Oxygen is derived from the 
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water and from the carbonic acid of the atmosphere ; hydrogen from 
water and ammonia, and nitrogen from ammonia and nitric acid, drawn ' 
either from the atmosphere or the soil. 

836. The atmosphere contaixs about ojo ^ part of carbonic acid, diffused through- 
out its whole extent ; and as this gas contains 27 per cent, of carbon, it is demon- 
strable that the whole atmosphere contains more than 600 billions (600,000,000,000) 
of tons of solid carbon, derived from the sources already mentioned (§ 835), — 
an amount fully adequate to the demands of the vegetable kmgdom. 

837. Soil consists of two classes of materials, viz. : mineral, and organic The 
former, called earths^ consists of disintegrated and pulverized rocks, including all 
the. various mineral substances wliich are found to enter into the composition of 
plants, as potassa, soda, silica, lime, eta, all of which are more or less soluble in 
water. The organic materials consist of the remains of former tribes of plants and 
animals mingled with the earths ; and whicli, having access to the air, are decom- 
posed, evolving carbonic acid and ammonia both to the air and the water. 

838. Water is composed of oxygen and hydrogen (H 0) in the proportion of 8 
to 1 by weight, or one atom of each to each. Having pervaded the atmosphere in 
the state of vapor and rain, and percolated through the eoil, it holds in solu- 
tion carbonic and nitric acids, ammonia, and many of the various minerals above 
mentioned. 

83^. A^niOKiA consists of nitrogen and hydrogen combined in the proportion of 
one atom of the former to three of the latter (N Hg). It arises from decaying ani- 
mal and vegetable matter, as above stated, and is diffused through the atmosphere 
in the proportion of about 1 part in 10.000. 

840. Nitrio acid is also believed to yield nitrogen to plants. It consists of one 
atom of nitrogen to five of oxygen (N O3). During thunder-storms it is generated 
in the air by lightning and brought down by rain. "When combined with the 
lases^ as potassa, soda, etc., it forms nitrates — substances known to be efficient fer- 
tilizers in soils. 

841. Air plants. Thus it appears that water, carbonic acid and ammonia (or 
nitric acid) may yield to plants their four essential organic elements. And since all 
of them are contained in the atmosphere, some plants are capable of subsisting on 
au* alone (long moss, lichens) ; but most species are dependent on water, earth, and 
au*, and demand a copious supply. 

842. The external circumstances, therefore, first requisite to 
healthy vegetation are, — 1, free access to an atmosphere which is often 
agitated by winds ; 2, a proper supply of rain or river water ; 3, a soil 
possessing the peculiar minerals required by the species to be grown 
upon it, together with a certain proportion of vegetable mold. 

843. The supplt. The first of these is everywhere abundantly 
supplied by nature, and asks no aid from man. The second and third 
are -often deficient, and -are to be supplied by the labors of agriculture. 
By irrigation streams of water are turned from their natural channels to 
add to the scanty moisture of fields parched with drought ; by drain- 
age the inundated bog is converted into a luxuriant lawn. 

844. The ortect op tillage is to pulverize and lighten the too compact soil; 
and thus expose every part to the oxygen of the air in order to hasten its decompo- 
sition. SubsoiHngj or deep ploughing, is an operation whereby that staratum of earth 
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which lies just below the ordinary soil is moved and subjected to atmospheric in- 
'^uence. The subsoil, with less organic matter, contains often soluble fertilizing 
earths which may thus be rendered available for the use of plants. 

845. The object op manuring is mainly to increase the quantity of organic 
"matter, or to restore to the soil those qualities which have been taken away by the 
crops. By various amendments (as gypsum, hme, charcoal) ammonia is strongly 
attracted from the air and yielded again to vegetation. Marl promotes the decom- 
position of the soil, and ashes add to the potassa — a substance which also exists 
naturally in soils, being derived from the decomposition of the rocks which contain 
it, as granite, clay-slate, basalt, etc 

846. Bone manure is rich in the phosphates indispensable in the formation of 
albumine, gluten, and other l^lood-making qualities of fruits. The mineral phos- 
phate of lime, bone-chalk, etc., are of the same nature. 

■ 847. Guano is a manure whoso great value depends upon its abundant nitrates 
and ammoniacal salts. It is the excrement of sea-fowl which has for ages accumu- 
lated in vast deposits on certain coasts and islands of South America and Africa. 

848. Fallow ground. Soils arc often improved by lying fallow for 
a season, thus allowing time to form, by decomposition, a fresh supply 
of that particular ingredient which had been exhausted by previous 
crops. 'On the same principle is explained the beneficial effects of a 
rotation of such crops as require different mineral substances in their 
composition, 

849. Light and heat. After all these materials have been supplied 
to the plant, still two other agents are requisite, without which the great 
work of vegetation will not go on. These life-giving principles are light 
and heat, both of which emanate in floods from the sun. Under their 
influence the raw material is received into the vessels of the plant and 
assimilated to its own substance — a process which can be fiiUy compre- 
hended only by Him whose power is adequate to carry, it on. 

850* DiQESTiONi Under the influence of solar light and a temperature above the 
freezing point, water holding various earths in solution is imbibed by the roots and 
raised into the tissues of the stem, dissolving as it passes small portions of gum or 
sugar previously deposited there. lu this state it is crude sap. Passing on it enters 
the leaves, and is there subjected to the action of the chlorophylle (§ 657) which 
chiefly constitutes the apparatus of digestion. Here it is concentrated by transpi- 
ration, sending off quantities of pure water. Meanwhile the leaves are imbibing 
carbonic acid from the air, decomposing it, retaining the carbon, and returning pure 
oxygen. Thus elaborated, the sap is now called 

851. The proper juice, consisting evidently of carbon and water, 
with a little nitrogen and minute portions of the mineral substances 
mentioned above. From this, the vital fluid, arc elaborated the build- 
ing material of the vegetable fabric, and all its various products and 
secretions. 

852. Protein, or protoplasm, tho substance of the primordial utricle, analogous 
in composition to the living tissues of animals, and containing nitrogen, is organized, 
first of all, from this vital fluid. Cellulose (or lignin) next, the peculiar principle of 
vegetable tissue, whether cellulal, vascular, or woody, consisting of carbon with the 

11 
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exact elements of water, viz., C12 Hio Oio. Then, through the action of llght^ cU^- 
rophyUe springs into being, clothing the plant in living greea Meanwhile 

853. Gum, starch and sugar, nutritive products common to all plants^ are also 
developed from the proper juice — not all to be immediately employed in building uj> 
the tissues, but mostly to be stowed away in reserve for future use. Such deposits 
are made in the root of the beet, tuber of the potato, and in the fruit generally. 
These three products, with cellulose, are all composed of carbon and the elements 
of water, often in identical proportions ; thus cane sugar is C12 H12 O12 y grape sugar, 
C12 Hn On J gum, C12 Hio Oio ; starch, C12 Hio Oio ; cellulose, C12 Hio Oio. 

854. Sugar is sometimes produced directly from the proper juice, as in th& 
root of beet, stalk of maize, and sugar-cane; but oftener, during germination,, froni 
the starch deposited in the seed. Its composition, as seen above, differs from that 
of starch only in containing a larger proportion of the elements of water or (what 
is the same) a smaller proportion of carbon. As starch is insoluble, its transforma- 
tion into soluble gum or sugar is needful to render it available for the nutrition of 
the growing- embryo. 

855. The facilitt with which these five general products are con- 
verted nrro each other, both in the growing plant and in the- laboratory- of thes 
chemist, is accounted for by the similarity erf' their chemical condition. Thus starchy 
gum and cellulose may reconvert merely by some change in the arrangement of their 
constituent atoms, or they may becomo sugar by the additioa of one or two atoms 
of water. 

856. Among the nuiierous secretions of plants, which our limits forbid us to* 
consider, are the vegetable acids contaming more oxygen proportionately tham 
exists in water ; the oily acids, resins and oils, containing- less oxygen than exists; 
in water, or none at all. These substances vary in the different species aknoet to 
infinity, taking into their constitution, in addition to the four ergcmogenSf minute 
portions of the mineral substances introduced by rain and river water. Their pecu- 
liarities of odor, flavor, color, properties, etc., although so obvious to the senses, are 
occasiooed by differences of constitution often so sli^t as to elude the most delicate 
tests of the chemist. 

851. The following table contains- examples of the various classes of secre- 
tions, arranged in reference to their relative proportion of oxygen ; — 



CL^ss. 


KAMB. ANI> SOURCE. 


FORMULA. 







Oxalic, Leaves of rhubarb, sorrel, etc., 

Citric, Fruit of the Orangeworts, 


C^HO^ 
C12 Hs Oi4 
Cs Hg Oio 
Cs Ha O12 
Cu He Oio 
CisHeOs? 

, Cl4H4 0t4 


Thepropor- 
tlon of oxy- 
gen to hy- 
drogeik is 
greftterthaa 
fn water. 


Mallic, Apples and many fruits, 


Tartaric. Juice of sraoes 


Gallic, Kutffalls 


Tannic, Astringent barks, nutgalls, 

Meconic, Juice of the Poppyworts, 


111 


Grape sugar. Grapes, raisins, honey, 

Cane sugar. Maple, maize, sorghum, 

Starch. In all plants,. 


C12 H12 O12 
C12 Hii On 
Ct2 Hia Oio 
Ct2 Hio Oio 
C12 Hio Oifr 


Theoiygei* 
nroportion- 

ed to hy- 
drogen, 
equally, as 

in water. 


Gum, mucilage. Common, 


Cellulose. Substance of ceUular membrane, 
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cu^s. 


NAMK AND 60CECE. 


FORMULA. 




prln- 
tter, 
ring. 


Phloridein. Bark of cherry, apple, etc^. . . 
Salicine. Bark of willow, 


Cl2 Ht 06 

Ci8 He O7 
C20 Hii O3 

ClO Hn O4 


Oxygen in 
proportion 
£lightly less 


•^1 


Populine. Bark of aspen (Populus), 

Meconine. Juice of poppy, 


Alizarine (Turkey red). Madder, 


Car H12 Oio jthaa water. 


Essential, volatile 
oils, oxygenatedi 


Oil of anise. Pimpinella anisum, 

Oil of cinnamon. Lauras cinnamomum, . . 
Oil of clover. Caryophyllus aromaticus, . . 

Oil of sassafras. Laurus sassafras, 

Oil of peppermint Mentha piperita, 

Oil of valerian. Valeriana oflBcinalis, 


C16 Hg O4 

Cig Hg O2 

C24 Hi5 O5 

ClO H5 O2 

C24 H20 02 

C12 Hio O2 


Oxy^n in 
diminished 
proportion. 




Yal^ric acid. Root of valerian, 

Enanthylic. Castor-oil nut, 

Pelargonic. Rose geranium, 


ClO Hio O4 

Ci4 Hl4 O4 

C18 His O4 
C24 H24 O4 
C28 H28 O4 
C44 H44 O4 
Ceo H60 O4 


In this se- 
lies the pro- 
portion of 
oxygen 
regularly 
diminiBfa«s. 


Laurie Laurus nobilis, 


Myristic. Nutmegs, 

Behmic, 

Melissic, 


ns, gum-re- 
S balsams, and 
iphors* 


Colophony, or resin of pine, etc., 


C20 Hl4 O2 
C40 Hsi O4 
C40 Hsi O2 
C40 H31 08 
C20 H16 O2 
C20 His O2 


very little 
oxygen re- 
maining. 


Resin of Copaiva. Copaifera, 


Resin of Mastic. Pistacia lentiseus, 

Resin of CopaL Hymmaea, etc, 


Camphor. Laurus camphora, 


«P s a 


Borneo camphor. Dryobalanops, 


III 


Oil of tumentine Pine*? 


C5H4 
C0H4 
C5H4 
C5H4 
C5H4 


Carbo-hy- 
drogens, 
isomeric, 

destitute of 
oxygen. 


Bergamot. A variety of orange, 

Black pepper. Piper nigrum, 

Juniper, savine. Juniperus, 

Parsley, cubebs, etc., 


l|2 


Quinine. Peruvian bark, 


C23 H22 O4 N2 -.Oxygen lessj 


Momhine. Onium doddv 


C34 Hi9 06 N 


than hydro- 
gen. 


Theine. Leaves of the tea-plant, 


C66 Hio O4 N4 


i4 

^3 




C20 Hi4 Na 
CiG Hi5 N 


Oxygen 
none. 


Coneine. Hemlock (Oonium), 


.2 

3 


Oil of miiatard Sinanis nicra 


C16 H5 N S2 
C16 H5 N S2 
CoHsS 


Oxygen 
iK>ne. 


Oil of horse-radish. Cochlearia, 

Oil of frarlic Allium sativum 


r*- 




OS 


Protein Primordial utricle 


Cse H25 Oio N4 =Pr. 
lOPr + S 


G-luten The cereal erains 


Casein. Leguminous seeds, 

Albumen. Many seeds, 


lOPr+P + S 
10Pr + P-f-2S 
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PART THIRD. 

SYSTEMATIC BOTANY. 
CHAPTER I. 

OF THE CLASSIFICATION OF PLANTS. 

858. Systematic botany relates to the arrangement of plants into 
groups and families, according to their characters, for the purpose of 
facilitating the study of their names, affinities, habits, history, proper- 
ties and uses. 

859. In this department, tho principles of Stractural and Physiological Botany 
are applied and brought into practical use in the discrimination of the different 
groups, and the limitation of their characters. Besides the immediate uses of Sys- 
tematic Botany in the determination of species and kinds, as above stated, it ac- 



860. Another purpose of still higher import. It aids us in 
studying plants as related to each other, and constituting one great and 
glorious system. It shows us the Almighty Creator at once employed 
in the minutest details and upon the boundless whole, equally attentive 
to the perfection of the individual in itself, and to the completeness of 
the grand system, of which it forms a necessary part. 

861. The subject op great extent. The study of classification introduces the 
botanist into an extensive field of inquiry. The subjects of his research meet him at 
every step. They clothe the hill and plain, the mountain and valley. They spring 
up in the hedges and by the way side. They border the streams and lakes and 
sprinkle over their surfaces ; they stand assembled in vast forests, and cover with 
verdure even the depths of the ocean. Now, with each individual of this vast king- 
dom the botanist presses to acquaint hunselfj so that he shall bo able readily to 
recognize its name, and all that is either instructive, interesting, or useful concern- 
ing it, whenever and wherever it is presented to his view. 

862. The wrono way to stuut. Now it is obvioiLs that if the student should 
attempt the accomplishment of this labor by studying each and every individual 
plant in det£^I, whether with or without the aid of books, the longest life would 
scarcely suffice him for making a good beginning. But such an attempt would be 
as unnecessary as fruitless. The Author of Nature has grouped these myriads of 
individuals into 
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863. Species (§ 76). When He called plants into existence, in 
their specific forms, He endowed each with the power of perpetuating 
its own hind and no other ^ so that they have descended to us distin- 
guished by the same characters and properties as at the beginning. 
When, therefore, the student has formed acquaintance with any indivi- 
dual plant, he is also acquainted with all other individuals belonging to 
the same species. 

" 8ff4. For EXAMPLE: a single plant o? white clover is a trae representative of all 
the millions of its kind that grow on our hills and in our meadows ; and a single 
description of the white pine will answer in all essential points for every individual 
tree of that noble species, in all lands where it is found. 

865. Genera. Although the species are separated from each other 
by clear and definite distinctions, still they are found to exhibit also 
constant affinities, whereby they stand associated into larger groups 
called genera (§ 80). A genus, therefore, is an assemblage of related 
species, having more marked affinities with each other in general struc- 
ture and appearance than they have with other species. 
■ 866. Fob example: the white clover and the red (Trifoliura repens and T. pra- 
tense) are universally recognized as diflferent species, but of the same genus ; and a 
single generic description of one plant of the genus Trifolium will convey intelli-. 
gence to a certam. extent concerning every other plant belonging to its 150 species* 

867. Thus are the individual plants of the globe grouped by descent and resem* 
blance, and comprehended under species ; and the species associated into higher 
groups called genera. "An individual," says Prof. Forbes, " is a positive reality; 
a species is a relative reality ; a genus is an idea — ^but an idea impressed on nature, 
and not arbitrarily dependent on man's conceptiona An individual is one:* a spe- 
cies consists of many resulting from one ; a genus consists of more or fewer of these 
mantes resulting fi-om one linked together, not by a relationship of descent, but by 
an afBnity dependent on a Divine idea." 

868. Orders. But natural affinities do not end here. The genera are yet too 
numerous for the ready and systematic study of the naturalist. He, therefore, would 
generalize still further, and reduce the genera to still fewer and broader groups. 
On comparing the genera with each other, he finds that they also possess in com- 
mon certain important characters which are of a more general nature than those 
which distinguish them from each other. By these general characters the genera 
are associated into orders. 

869. For example: comparing such genera as the mustard, radish, cabbage, 
cress, wall-flower, etc., it is seen that, while they differ sufficiently in their generic 
characters, yet they all have certain marked resemblances, in their didjmamous 
stamens, siliquous fruit, whereby they are obviously associated into the same order 
— ^the Cruciferse. So, also, the pines, the spruces, the cedars, the larches, and the 
cypress, while as genera they are obviously distinct, yet all bear cones of some 
form, with naked seeds ; hence they are naturally grouped into one Order — ^the 
ConifersB. 

870. Classes In like manner the Orders, by characteristics of resemblance still 
'more general, are associated into a few groups, each of great extent, called Classes 
whether natural or artificial 
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STl. Intermediate groups, formed on the same principles, are recognized as 
Subgenera, Suborders or Tribes, and Subclasses or Cohorts, which will be further 
noticed and described in another place. 

872. Methods op classification. Two independent and widely different 
methods of classifying the genera have been generally approved, the Artificial Sys- 
tem of Linnaeus, and the Natural System of Jussieu. The former is founded solely 
on characters relating to the organs of fructification, leaving all other natural affini- 
ties out of view. The latter, on the contrary, takes for its basis all those natural 
affinities and resemblances of plants whereby Nature herself has distinguished them 
into groups and families. 



CHAPTER II. 

THE ARTIFICIAL SYSTEM. 



873. A system op classification is said to be ARTIFICLA.L WHEN, disregard- 
ing the real nature of the subjects classified, it rests merely on some obvious exter- 
nal circumstance. As when the books of a hbrary are arranged on shelves accord- 
ing to their size, octavo, duodecimo, etc., or as when the words in a language are 
arranged in dictionaries, alphoibeticaily, forming thus class A, class B, etc. In either 
case the books or the words constituting any group may be quite diverse in charac- 
ter, having nothing in common except their octavo size or initial letter. The only 
use of such an arrangement is convenience of reference. 

874.' Carl von Linn6 (Linnasus) of Sweden, born in 1707, everywhere honored 
as the father of systematic and descriptive botany, was the author of that renowned 
artificial system which bears his name. For well nigh a century it continued in al- 
most universal use, and was regarded by his followers with far more respect than by 
Linnaeus himself who designed it simply as an index or clue to the vegetable king- 
dom. For ho says (Philosophia Botanica) " Method! Naturalis fhtgmenta studios^ 
inquirenda sunt. Frimum et ultimum hoc in Botanicis desideratum est." 

875. Considered as a system, the Linnsean arrangement totally fails to««xhibit 
those true relations and affinities of plants which render the knowledge of each kind 
a guide to that of the others, and combine all into one consistent whole. It can not, 
therefore, properly be regarded as a system, 

876. Considered as an index or key to the vegetable kingdom, it is by no 
means reliable, for the stamens and styles often vary numerically in the same 
plant ; and secondly, the species of the same genus oflen vary in these respects, thus 
obliging us to violate even specific affinities ; and again, when the stamens or pistils 
are accidentally marred, or lost, or immature, the index must also fail of its purpose. 
For these reasons this arrangement has fallen into disuse, having been superseded 
by the Natural System, and by other arrangements better adapted to the present 
advanced state of the science. Yet being intimately connected with the history of 
botany, and having largely contributed to its early progress, its outlines at least de- 
mand a record in our pages. 

877. The Linn^an System proposes to arrange all the known 
genera of plants under twenty-four classes, each based on some special 
character derived from the essential floral organs, as follows : 
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§ 1. The first thirteen classes compreliend all such plants 
as have their flowers all perfect, their stamens unconnected and 
and of equal length, or at least neither ^didynamous ndr tetra- 
djnamous. 
Class I. MONANDRIA, — One stamen to each flower (Saltwort, etc.). 
Class II. DiANDRiA, — two stamens (Circaea, Veronica). 
Class IIL TRiANDRLi, — ^tliree stamens (Iris. Nearly all the Grasses). 
Class IV. Tetrandria, — four stamens (Galium, Plantago). 
Class V. Pentandria, — five stamens (Vitis, Conlum). 
Class VI. Hexandria, — six stamens (Lily, Tulip, Luzula). 
Class VIL Heptandru, — seven stamens (Trientalis). 
Class VIIL OcTANDRU,— eight stamens (Erica> (Enothera). 
Class IX Enneandria, — nine stivmens (Rheum, Sassafras). 
Class X. Deoandria, — ten stamens (Dianthus, Rhododendron). 
Class XL DODECANDRIA, — twclvo to nineteen stamens (Asarum). 
Class XII. IcosANDRiA, — twenty or more stamens, perigynous (Rosa). 
Class XIIL POLTANDRIA, — ^twenty or more stamens, hypogynous (Ranunculus^ 
Papaver). 
§ 2. The next two classes are founded on the relative 
length of the stamens, the flowers being perfect and stamens 
generally unconnected. 
Class XIV. DmYNAMiA, — four stamens, two long and two short, by pairs, as in 

Antirrhinum, Prunella. 
Class XV. Tetradynamia, — six stamens, four long and two short, as in tho 
wall-flower and the Cruciferae generally. 
§ 3. The next four classes are determined by the con- 
nection or union of the stamens. 
Class XVI. Monadelphia, — stamens united by their filaments into one set, as 

in Malva, Geranium. 
Class XVII. DiADELPHiA, — stamens united by their filaments into two sets 

(Polygala, pea^ Lathyrus). 
Class XVIIL Poly adelphia,— stamens united by their filaments into three or 

more sets (Hypericum). 
Class XIX. Syngenesia, stamens united by then* anthers, as in the Asters and 
other Compositae. 
§ 4. The next class depends for its character upon the ad- 
hesion of the stamens with the pistil. 
Class XX. Gynandria, — stamens and styles united, forming a column, as in 
Orchis, Asclepias. 
§ 5. The next three classes include all plants with diclin- 
ous flowers, some with pistils, some with stamens only. 
Class XXI. MoNOBCiA, — staminate and pistillate flowers, both upon the same 

plant (Pinus, Arum, Hazel). 
Class XXII. DiOECiA, — staminate and pistillate flowers on separate plants (Wil- 
low, Hemp, Hop, Smilax). 
Class XXIII. PoLYGAMiA. — staminate, pistillate and perfect flowers either on thd 
same or on different plants, as in Acer, Acacia, "Veratrum). 
§ 6. The last class includes flowerless plants. 
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Class XXiy. CRTPToaAMiA, — ^plants in which the organs of fractification ard 
concealed (as the name implies) as in ferns, mosses, seaweeds. 

878. The Linn-ean orders. Each class is subdivided into orders, and these 
also are founded on some condition of the essfential organs. The'oitiers of the firsS 
thirteen classes are determined by the number of styles (or stigmas when the stylea 
are wanting) in each flower. 



Order 1. Heptagynia, T styles. 

Order 8. Octogynia^ 8 styles. 

Order 9. Enneagynia, 9 styles. 

Order 10. Decagynia, 10 styles. 

Ordef 11. Bodecagynia, 12 styles. 

Order 12. Polyginia,- more than 12. 



Order 1. Monogynia, 1 style. 

Order 2. Digyiiia, 2 styles. 

Order 3. Trigyina, 3 styles. 

Order 4. Tetragynia, 4 styles. 

Order 5. Pentagynia, 5 styles. 

Order 6. Hexagynia^ 6 styles. 

8*79. The orders op class XIY. depend upon their s6ed vessels. 
Order 1. Gymnospermia — Fruit four achenia, as in the Labiatae. 
Order 2, Angiospermia — Fruit inclosing several seeds. 

880. The orders op class XV. also depend on the fruit. 
Order 1. Siliculosa — Fruit a siUicle, as in pepper-grass. 

Order 2. Siliquosa — ^Fruit a silique, as in wall-flower. 

881. The orders op classes XVL, XVIL, XVIII. are distinguished by 
the number of stamens and named like the flrst classes. 

Order 1. Triandria — three stamens united by their filaments. 
Order 2. Pentandria — five stamens united by their filaments. 

882. The orders op class XIX are five, as follows : 
Order 1. Equalis — Florets of the head all perfect- ( 1^ )• 

Order 2. Superflua — Florets of the disk ^ , of the ray $ . 
Order 3. Frustranea — Florets of the disk ^ , ray abortive. 
Order 4. Necessaria — Florets of the disk $ , of the ray $ . 
Order 5. Segregata — Each floret with a separate involucre. 

883. The orders op classes XX., XXLj XXII. distinguished in the same 
way as the first thirteen, the XVI., XVII., XVIII. classes ; as 

Order 1. Monandria — one stamen. Order 2. Diandria— two stamens. Order 3. Tri- 
andria — three stamens, etc. 

884. The orders op class XXIII. are founded on the position of the 
flowers relatively, thus : 

Order 1. Monoecia— Flowers ^ ; J, 5 on the same plant (Acacia). 

Order 2. Dioecia — Flowers ? on one plant, i, 2 , on another (Chamerops). 

Order 3. Trioecia— Flowers ^ , f , and 5 , each on separate plants. 

885. The orders op class XXIV. are the same as in the Natural Sys- 
tem, and can not be defined by a smgle character. 



Order 1. Felices, ferns. 
Order 2. Musci, mosses. 
Order 3. Hepaticse, liverworts. 



Order 4. Lichens, lichens. 
Order 5. Fungi, mushrooms. 
Order 6. Algae, seaweeds. 
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CHAPTER III. 

•THE NATURAL SYSTEM. 

886. The aim op the Natural System is to associate plants into 
groups and families according to their true natural likenesses and af- 
finities, and thus to make an expression, so far as possible, of the Di- 
vine plan in the System of Nature. 

887. It differs from the artificial arrangement : while that em- 
ploys only a single character in classification, the natural system regards 
the total organization, and seizes upon every character wherein plants 
«gree or disagree, and forms her associations only upon the principle of 
natural affinity. Hence each member of any natural group resembles 
the others, and a fair description of one will serve, to a greater or less 
extent, for all the rest. 

888. The species and genera are formed on this principle of clas- 
sification, as above stated, and are truly natural associations. Indi- 
viduals altogether similar, cast as it were in the same mold, constitute 
a species. Species agreeing in nearly all respects and differing but in 
few constitute a genus. Thence the genera, associated by their re- 
maining affinities into groups of few or many, by this same method are 
organized into Natural Orders and other departments of the vegetable 
kingdom. 

889. Relative value of characters. Although the natural 
method employs every character, yet it does not regard all of equal 
value or importance. As a rule, the higher the physiological import- 
ance of any organ, the higher will be the value of the characters which 
it affords. 

890. Because, (1) the less will it be subject to variation, and (2) the more gen* 
eral in respect to other organs will be the resemblance of those plants which agree 
in respect to that organ. Thus, first in value are those characters drawn fix)m the 
cellular tissue ; second^ from the vessels, the stomata, the embryo, and albumen ; 
thirds from the axis and leaves, the stamens, pistils, and fi*uit ; fourth, from the pe- 
rianth; fifih^ from the inflorescence and bracts. 

891. History op the natural method. Its foundation was first laid 1G82, 
by John Ray, of England. He separated the Flowering from the Flowerless plants, 
and divided the former into Dicotyledons and Monocotyledons. Linnaeus, about 50 
years later, constructed a fragment of the system, consisting of the names of 67 
natural orders, without descriptions. But to Antoine de Jussieu is due the honor o! 
the final establishment of this Method upon the true principles of natural affinity. 
He arranged the genera then known (A. D. 1780) into 100 natural orders, defining 
them with so much exactness, that nearly all have withstood the test of time ; and 
have been adopted into our present systems. Robert Brown contributed largely to 
its completion and introduction into England, by the publication of his Flora of 
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New Holland in 1810 ; and finally De Candolle, by the publication of his great 
work " Prodromus Systematia Naturalis Regni Vegetabilis", commenced in 1816, 
and designed as the universal Flora, brought this system into general use. 

892. Many systems. But the aim of the natural system as an expression of the 
Divine Order of Nature is not yet consummated. The lower divisions of the System 
— ^species, genera, and orders, — are well defined and settled as truly natural groups. 
The grand divisions also, — Cryptogamia, Phenogamous Exogens and Endogens 
(§ 897), — ^are fully established. But in the midst, between these extremes, there is 
a region of uncertainty, respecting the arrangement of the orders into groups sub- 
ordinate to the grand divisions, viz., into Classes and Subclasses. In this matter, 
authors have mamtained different views, and proposed a variety of systems. 

893. The difficulty lies in this. "We attempt necessarily a linear arrangement 
of the orders, placing one after another in succession, thus regarding the affinities of 
each in two directions only, viz., toward the preceding and the succeeding ; whereas 
each order should be regarded as a center of affinities; being related immediately to 
all others lying around it, aa a province on a geographical map is related equally to 
aU thos^, which touch upon its borders. Hence any linear arrangement of the orders 
must be in some degree artificial. 

894. One natural system. Although there be but one truly na- 
tural system, yet while any portion of it remains imperfectly understood, 
so far authors may be expected to hold different views, and to attempt 
by different methods to express that true system. Still the discrepan- 
cies observed in the several " Natural Systems," proposed by different 
writers, are slight compared with the number and importance of the 
principles now common to them all and universally admitted. 

895. The first and highest division of the Vegetable Kingdom, 
viz., into the Phaenogamia or Flowering Plants, and the Cryptogamia 
or Flowerless Plants, has already been noticed and defined. These 
grand divisions, or sub-kingdoms, lie at the foundation of both the sys- 
tems of Linnaeus and of Jussieu, and have in substance been adopted by 
every subsequent author. It is a division founded in nature, that is, 
marked by nature hei'self, for 

The PaENOGAMiA (0aivo, to appear, yufiog, nuptials), 
a» Consist of a regular axis of growth with leafy appendages, 
&, They possess a woody and spiro- vascular structure, 
c. They develop stamens and pistils constituting flowers. 
dj They produce seeds containing an embryo. On the other hand 

The Cryptogamia {kpvtttg), to conceal, yd/Lioc;). 

a, Are generally destitute of a regular axis and of true leaves, 
&,^ They possess mostly a cellular structure only, 

c, They do not develop true flowers, 

d, They produce spores having no embryo. 

896. Natural divisions indefinite. The above diagnosis does not mark the 
absolute hmits between the two sub-kingdoms, for the higher Cryptogamia, as the 
mosses and ferns, give indications of approach to the Phaenogamia, both in form and 
structure, while the lower Phaenogamia can scarcely be said to produce flowers. 
And universally, so gradual is the transition from group to group, that it is difficult 
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or impossible to fix upon characters so definite an to circumscribe completely any 
one group, while at the same time they exclude every member of the surrounding 
allied groups. 

897. Second division. The Flowering plants are next resolved into 
two great provinces, indubitably marked by nature's own hand, and em- 
ployed in every natural method. The following is their diagnosis. 

ExoGEN-fi (e^«, without, yevvuu^ to generate), or Dicotyledonous Plants 
a. Growing by layers external to the wood, internal to the bark, 
&, Leaves net-veined, 
c, Flowers 4 or 5-parted, rarely 3-parted, 
df Seeds with two or more cotyledons, and 
c, The radicle producing an axial root. 

EnDOGEN^ (e'vdov, withiD, yewdcj\ or MONOCOTYLEDONOUS PLANTa 

a, Growing by scattered internal wood-bundles, 

&, Leaves parallel-veined, 

c, Flowers very generally 3-parted, 

cf. Seeds with one cotyledon, and 

c, The radicle never producing an axial root. 

898. Third division; — classes. The provinces are next broken 
into classes — ^groups of the third rank in extent. Two are constituted 
of the Exogens, viz. : 

ANGiOSPERMiE {ayyeioc, a vessel, (rnipfia, seed) (oak, rose). 

a, Flowers more generally perfect or complete, 

&, Pistils complete, inclosing the ovules, 

c. Seeds inclosed in a pericarp. 

(?, Embryo with only two cotyledons. 
Gymnospeeile {yvfivbg^ naked, airepfxa) (pine, yew). 

a. Flowers imperfect and incomplete, 

&, Pistils scale-Uke, without a stigma, 

c, Seeds truly naked, that is, destitute of a pericarp, 

d, Embryo mostly with several whorled cotyledons. 
Two classes are formed from the Endogens, viz. : 

Petalipeb^ (TreraAov, petal, (pepu), to bear). 

Plants of the endogenous structure, with flowers constructed on the usual 
plan ; perianth of one or more whorls of petaloid organs, or wanting (lily, 
Orchis, rush). 
GLUMiPEiLfi (gluma, husk, /ero, to bear). 

Plants of the endogenous structure, the flowers invested with an im- 
bricated perianth of glumes, instead of petals and sepals (grasses, grains, 



899. Divisions of the cryptogamia. Tliis sub-kingdom is na- 
turally divided into two provinces, the Acrogens, and Thallogens, — 
terms founded upon their mode of vegetation. The former include 
those tribes which make some approximation towards the Phaenogamia, 
the latter include the lowest tribes in the vegetable kingdom. 
Acrogens (<kpov, the summit, yewdu), 

Flowerless plants having a regular stem or axis, which grows by the ex- 
tension of the apex only, without increasing at all in diameter, generally 
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with leaves, and composed of cellular tissue and scalariform ducts (Ferns, 
mosses, club-mosses, horsetails, etc.) 
ThallogeNvE (daAAof, green branch, yevvdu). 

Flowerless plants producing in vegetation a tJiallus, with no distinction 

of stem and leaf, or root, and composed of cellular tissue only (Lichens, 

fungi, etc.) 

900. Classes of the flowerless plants. For the sake of analogy 

and an advantageous comparison with the Phaenogams, we may also 

regard these two provinces of the Cryptogams in the light of Classes 

founded upon their different modes of fruitbearing. Thus the Acro- 

gens constitute the class 

ANGlOSPOR-fi (ayyeioc, (nropd). 

Acrogenous plants, producing their spores in sporangia (vessels) which 
burst when the spores are mature. 
GymnoSPOR-E (yvfivbc, onopu). 

Thallogenous plants reproduced by spores, which are produced in parent 
cells, either forming a part of the vegetating thallus, or growing upon the 
surface of some definite region of the thallus. 
; 901. Fourth division — cohorts. The six classes, as above constituted, are 
still each of great extent, — too great for the comprehension of the learner, or prac- 
tical use. A further division is therefore necessary. To effect this on strictly 
natural principles botanists have labored hitherto in vain. The truth is, tho 
members of these several classes are united by affinities so equable as to render 
it impossible to subdivide, except by distinctions more or less arbitrary. So 
adjacent territories, where rivers or other natural boundaries are wanting, must bo 
separated by artificial lines. 

902. The angiosperms are divided by Db Candolle, in his great descriptive 
work *' Prodromus Systeraatis Naturalis Regni Yegetabilis" into four sub-classes 
founded upon the conditions of the fioral envelops, viz. : 

1. Thdiamijiorce, petals distinct, and (with the stamens) hypogynous. 

2. Oalycijlorcej pet£^ls (with the stamens) perigynous. 

3. OoroUiflorcB, petals united, hypogynous, stamens epipetalous. 

4. Monoch2amydeoRy petals wanting. 

' 903. The plan of Endlicher in his " Genera Plantanim" is more 
simple and convenient, and has been followed by American writers 
generally. He separates the Angiospermae into three " cohorts," thus : 

1. DialypetdkB (dta2.vG), to dissolve). Exogenous plants, having both calyx 
and corolla, the latter composed of distinct petals (polypetalous), sometimes 
slightly cohering by the base of the stamens, rarely abortive. 

2. GamopetalcB (yafiqCf union). Exogenous plants, having both calyx and 
corolla, the latter composed of petals more or less united. 

3. ApetaloR (a, privative). Exogenous plants with flowers having a calyx 
only, or neither calyx nor corolla (achlamydeOus). 

904. The class petalifer^ may be conveniently separated into 
two cohorts, as follows. 

1. SpadicifloroR. Endogenous plants with flowers having no perianth, or a 
scaly one, and bomo on a thickened spadix, which is often enveloped in a 
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2. FlorideoB. Endogenous plants with the flowers usually perfect and com- 
plete, the perianth double, 3-parted, the outer often and sometimes both green. 

905. The class glumifer^ is equivalent to the cohort Grami- 
noidecB^ including the sedges, grains, and grasses — a truly natural as- 
semblage. 

906. The class angiospora consists of three cohorts defined as 
follows. 

1. Sporogamia. Angiosporous plants, producing spores in which, when ger- 
minating, anthiridial cells and archegonal, or ovulary bodies, are found 
(Lycopodiaceae, Isoetaceae, Marsileaceaj). 

2. TJiaUogamia. Angiosporous plants producing spores of one kind in spor- 
anges on the surface of the leaf or stem, the spore germinating into a. 
green prothaMus (629) on which are developed antheridia and archegonia, 
the latter giving origin to a leafy embryo (Equisetaceae, Filices). 

3. Axogamia. Angiosporous plants producing antheridia and archegonia in 
the axils of the leaves or in buds, the fertiUzed archegonia giving birth to 
sporangcs filled with spores, all reproducing the plant (Mosses, Hepaticae, 
Characeae). 

907. The class gymnospor^ consists of three cohorts, viz. : 

1. Aerophyta. Thallogens growing and fructifying in tho air, reproduced by 
spores formed in asci, and by green gonidia formed in the medullary layer 
of the thallus (Lichens). 

2. Hysterophyta. Thallogens growing in or on decaying organic substances 
and fructifying in the open air, destitute of chlorophylle and starch, re- 
produced by spores formed in asci, by archegonal spores and by gonidea 
(Fungi). 

3. Hydropliyta. Thallogens with a branching or foliaceous thallus; mem- 
branous, gelatinous, or cartilaginous in texture, containing either chloro- 
phylle or a red coloring matter and often starch grains ; growing in water, 
salt or fresh, or in moist substances in damp air (Algae). 

908. The following synoptical arrangement of the above divisions and sub- 
divisions will exhibit at a glance the relative position and mutual relations of each. 

THE VEGETABLE KINGDOM. 

The sub-kingdom, pHiENOGAMiA, or Flowering Plants. 
Province 1st. Exogenoe^ or Dicotyledons, 
Class I. AngiospermaD. 

Cohort 1. Dialypetalse, or Polypetalse. 
Cohort 2. Gamopetalae, or Monopetala3. 
Cohort 3. Apetalae, or MonochamydeaB. 
Class II. Gymnosperraae. 
Cohort 4. ConoidesB. 
Province 2. Endogenos^ or Monocotyledons, 
Class III. Petaliferaj, or Algumaceae. 
Cohort 5. Spadiciflorae (Aroideae, etc.) 
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Cohort 6. FloridesB (Liliaceae, etc.) 
Class IV. Glumiferae, or Glumaceae. 

Cohort 7. Graminoideae (Sedges, grasses). 
The sub-kingdom Cryptogamia, or Flowerless Plants. 
Province 3. Acrogence. 
Class V. Angiosporae. 

Cohort 8. Sporogamia (Marsilleaceae, Lycopodiaceffl). 
Cohort 9. Thallogamia (Filices, etc.) 
Cohort 10. Axogamia (Mosses and Hepaticae). 
Province 4. Thallogence. 
Class VI. Gymnosporae. 

Cohort 11. Aerophyta (Lichens). 
Cohort 12. Hysterophyta (Fungi). 
Cohort 13. Hydrophyta (Algae). 
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